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FOREWORD 


This report is prepared by the Lockheed-Georgia Company under contract 
MAS1-159*t9. ’’Advanced Composite Structural Design Technology for Commercial 
Transport Aircraft," and serves as a user’s manual for a computer program 
prepared for the analysis and sizing of stiffened composite panels. This 
work was performed under Task Assignment No. 5 of the contract. The pro- 
gram is sponsored by the National Aeronautics and Space Administration, 
Langley Research Center (NASA/LaRC). Dr. James H. Starnes is the Project 
Engineer for NASA/LaRC. John N. Dickson is the Program Manager for the 
Lockheed-Georgia Company. 

In addition to the authors the following Lockheed specialist/consult- 
ants made major contributions to the material presented. 

L. W. Liu Programming 

Dr. J. T. S. Wang (Georgia Tech.) Analysis 
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POSTOP: Postbuckled Open-STiffener Optimum Panels - User's Manual 

Sherrill B. Blggers and John N« Dickson 
Lockheed-Georgla Company 
Marietta, Georgia 


SUMMARY 


Instructions for the use of the computer program POSTOP for the 
analysis or sizing of stiffened panels are described. The panel is 
stiffened with longitudinal, open-section stiffeners. Composite materials 
may be used. Stiffness, stability and strength analyses are performed. 
Sizing of the panel geometry and laminate configurations may be performed. 
This report serves as a User's Manual for POSTOP. 

INTRODUCTION 

The computer program POSTOP has been developed to serve as an aid in 
the analysis and optimum sizing of stiffened panels. This analysis and 
sizing code was developed specifically for longitudinally stiffened compo- 
site panels loaded in the postbuckling range. Buckling resistant panels, 
or panels made of isotropic materials may also be treated if the assump- 
tions and analytical techniques outlines in Reference 1 are appropriate for 
the particular application. In summary, POSTOP may be used to analyze or 
size panels made of linear elastic materials with configurations normally 
found in fuselage, wing, or empennage covers. 

This report gives a general description of the capabilities and 
limitations of the code. Detailed instructions required to use the program 
are presented. Several example problems are included. An understanding of 
the analytical and sizing procedures described in Reference 1 will aid in 
the effective use of the code. 
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Figure 2, 


Stiffener Geometry 


Although un symmetrical stiffeners may be specified, the attached 
flanges should be symmetrical about the web if the stringer is bonded to or 
cocured with the skin as the primary attachment method. The tendency of 
the skin to separate from the stiffener can be minimized only if symmetric 
attached flanges are specified. The skin and each element of the stiffener 
must be specified as balanced laminates. Normally, midplane symmetry is 
also maintained in all laminates. For unsymmetrical laminates, approxima- 
tions are used to eliminate bending-extensional coupling. Any fiber orien- 
tation may be specified for each orthotropic lamina from which the skin and 
stiffeners are composed. 

The panel geometry is assumed to be repetitive in the longitudinal and 
transverse directions. The panel length should be greater than the stif- 
fener spacing. Transverse curvature effects are small in large radius 
structures such as transport fuselages with small stiffener spacing and are 
conservatively neglected in POSTOP. 
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LOADING COMPITIOWS 


Applied in-plane loads may be a con?t>lnation of biaxial coiupression (or 
tension) and shear- Failure modes considered in the program and simplifi- 
cations made in the theoretical development of sonje of the analysis rou- 
tines , however , are based on the assumption that longitudinal compression 
is the dominant loading. Although no actual limitations have yet been 
established, it is anticipated that when the shear load (N^ ) does not 

y 

exceed 50 percent of the longitudinal compression load (N^) any inaccura- 
cies resulting from, simplifying assumptions in the analysis procedures 
should be small . In addition to in-plane loads, normal pressure loading,, 
thermal loading and initial eccentricities may be applied. Eccentricities 
in the form of an initial bow and/or an offset of the applied longitudinal 
load relative to the section centroid may be specified. If an initial bow 
is present, analyses are performed for both positive (inward) and negative 
(outward) initial curvatures. Up to five separate load cases may be im- 
posed in each analysis or sizing run. Panel sizing insures, that all 

margins of safety are within specified bounds for all loading cases. 


AlfALYSIS 


The analyses required for the design of stiffened panels may be 
broadly grouped into categories of stiffness, material strength, and 
stability computations. Specific requirements and/or allowables within 
these areas may vary for different load cases. For example, skin buckling, 
may be permitted for one load case and not allowed for another. Load cases 
with different temperatures may require that different material properties 
or allowables be use in the analyses for the various load cases. POSTOP 
will consider these multiple requirements associated with multiple load 
cases. In all analyses, the materials are assumed to be linear elastic. 

Stiffness requirements that may be directly imposed in POSTOP are the 
axial and shear stiffnesses of the unbuckled stiffened panel. 

Strength analyses begin with the determination of the longitudinal 
strain and change in, curvature in the panel. Reductions in panel axial and 
bending stiffnesses due to postbuckling of the. skin are made in an itera- 
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tive procedure that accounts for changes in curvature due to eccentricities 
and normal pressure. Beam-column theory is used to account for the 
interaction of load, curvature, and stiffness changes due to skin buckling. 
On completion of the iterative strain/curvature determinations, strains (or 
stresses) are determined in the skin and stiffener eleraents for each ply or 
lamina. Local bending and membrane strains are evaluated, at critical 
locations in the buckled skin. Material strength margins may be based on 
the maximum strain criterion or on the Tsai-Hill criterion. First-ply 
failure constitutes failure in both cases. Strain limitations for 
durability and damage tolerance requirements may be imposed on membrane 
strains, exclusive of thermal strains, in the skin. An analysis is 
included to evaluate the stress state in the interface between the skin and 
the bonded or cocured stiffener attached flanges. The Tsai-Hill criterion 
is used to compute that margin . 

Stability analyses include local and panel buckling computations. 
Stiffener local buckling is not allowed. The initial buckling load of the 
skin, restrained along its long edges by the stiffener, is computed. If 
the skin is allowed to buckle, no local buckling margin of safety is 
computed for the skin but the initial buckling load is nevertheless 
required as the starting point in the determination of the postbuckled 
behavior of the skin. Buckling of the panel as a wide column is prevented. 
Here the tangent stiffness of the buckled skin is used in computing the 
section bending stiffness. Shear flexibility of the section is accounted 
for in the buckling analysis. Coupled torsional/flexural buckling of the 
stiffeners is likewise prevented. In this analysis the coupled differ- 
ential equations of the stiffener, as restrained by the raembrane and 
bending stress resultants In the buckled skin at the skin/stiffener 
intersection, are used to form the eigenvalue problem. Buckling loads for 
a number of wavelengths are determined. 

SIZING 

Panel sizing begins with the definition by the user of which para- 
meters of the panel are to be design variables and which parameters are to 
remain fixed or be linked linearly to other design variables. The design 
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variables may Include stiffener element widths, stiffener spacing, and up 
to 20 lamina thicknesses. Panel length may also be chosen as a design 
variable although it is normally fixed. Upper and lower bounds may be set 
for all design variables. 

The optimizer (GONMIN) uses a nonlinear mathematical programming tech- 
nique that assumes all design variables are continuous. Since lamina 
thicknesses can actually only be provided in integer multiples of available 
ply thicknesses, two sizing cycles are normally required when lamina thick- 
nesses ^re design variables. In the first cycle, all design variables are 
allowed to seek their optimiim values. The lamina thicknesses are then 
rounded up or down to practical values by the user. In the second cycle, 
only stiffener element widths and/or spacing are allowed to vary. The 
design produced in this way, while not guaranteed to be a global optimum, 
should be close enough to optimum for most practical purposes. 

A list of the design requirements that can be specified and their 
associated mode numbers are given in Figure 3. Failure to meet require- 
ments such as material strength and stiffener torsional stability imply 
structural failure. Failure to meet other requirements such as panel 
stiffnesses, skin buckling or skin layup design constraints do not neces- 
sarily imply a structural failure. However, in all cases each mode has an 
associated margin of safety that is computed by 


MS - allowable value 

ACTUAL VALUE 


or, 

j^g . ACTUAL VALUE ^ 

MIN. REQUIRED VALUE 

During sizing, all margins of safety are formulated as constraint 
functions whose values must remain between user-specified bounds. Mormally 
all margins of safety are required to be positive, or greater than some 
minimum value, and have no upper limit. 
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DESIGN REQUIREMENT 

1 

MINIMUM PANEL SHEAR STIFFNESS 

2 

MINIMUM PANEL LONGITUDINAL STIFFNESS 

3 

SKIN STRENGTH 

4 

SKIN DURABILITY AND DAMAGE TOLERANCE STRAIN LIMITATIONS 

5 

LEFT FREE FLANGE STRENGTH 

6 

RIGHT FREE FLANGE STRENGTH 

7 

STIFFENER WEB STRENGTH 

8 

STIFFENER LOCAL BUCKLING 

9 

SKIN LOCAL BUCKLING 

10 

STIFFENER ROLLING 

11 

STIFFENER TORSIONAL/FLEXURAL BUCKLING 

12 

WIDE COLUMN (EULER) BUCKLING 

13 

SKIN/STIFFENER INTERFACE STRESSES 

14 

MINIMUM LONGITUDINAL MATERIAL IN SKIN 

15 

MINIMUM INTERMEDIATE MATERIAL IN SKIN 

U 

MINIMUM TRANSVERSE ^AATERIAL IN SKIN 


Figure 3« 


Design Requirements and Mode Numbers 
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PHOGMM OPERATIOM 


A flow chart of the basic operations in POSTOP is showm in Figure 4, 
The program is composed of three major routines: COPES, CONMIM and ANALIZ . 
COPES serves as the main program. It reads sizing data and calla ANALIZ to 
read analysis data. Data is output as specified by the user, COPES calls 
ANALIZ to compute margins of safety and objective function values. If only 
a single analysis is specified, the results are output and control returns 
to the user. If sizing is desired, COPES formulates the margins of safety 
in proper constraint form and calls CONMIN to calculate gradients to the 
constraints and objective function. CONMIN does this by calling ANALIZ for 
designs in which all variables are slightly changed one at a time. Based 
on this information, CONMIN determines an improved design. ANALIZ is 
called again and convergence of the optimization procedure is checked. The 
sizing process continues until convergence to an optimum design is achieved 
or the maximum number of cycles is exceeded. Results are output and 
control returns to the user. The COPES/CONMIN programs are described in 
detail in References 2 and 3. The routines composing ANALIZ are described 
in Reference 1 . 

USE OF PROGRAM 


POSTOP can be used to perform an analysis of a specific panel or to 
size an optimum panel starting from an initial design. The COPES program 
has capabilities beyond the single analysis or sizing options used in 
POSTOP. These capabilities include sensitivity analysis, two-variable 
function space analysis, optimum sensitivity analysis, and optimization 
using approximation techniques. The routines required to perform these 
additional options are available in the POSTOP system. However, use of 
POSTOP in only the analysis or optimization modes is described here. 
Reference 2 describes the additional input required and the application of 
the additional options in COPES. 

The input required to operate POSTOP may be divided into two major 
sections: sizing data and analysis data. Each data set consists of a 
sequence of logical free- form input records. Normally each record is a 
line of data or a data card, although it is possible to place multiple. 
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Figure 4. Flow Chart of POSTOP Program Operation 
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brief records on a * single line or card. General descriptions of the input 
records^ and their setjuenee are shown in Figures 5 and 6 for the sizing and 
analysis® data respeotlveiyi; Each input record is refferred ’ to> by a number 
ranging? frcmi Si to Si 2 for the sizing data and? from Ai to A18 for the 
analysis data. 

Input record SI contains? the case title* defined by any Hollerith text. 
Record S12 defines the end of the sizing data* and contains only the word 
SlZ. Record A18 defines the end' of all data and contains only the word 
END. Each of the- other input r^ords contains a number of numerical data 
fields followed by optional comments which are ignored by the program^ 
Numerical data may be integer data or floating point . 

The field width for integer data cannot exceed 5 characters, not 
counting leading blanks Or field delimiters. Floating point data- must- 
contain a decimal point and may contain a sign and/or a FORTRAN ”E’* type 
exponent . The total field width may not exceed 10 characters including, the 

decimal point, sign and exponent, but not counting leading-; blanks- or field 
delimiters. Variable names starting with I, J, K, L, or N re^quire# 
integer data and all other variables require floating point data . 

A numerical data field may begin with any number of blanks (leadingi 
blanks) and is terminated by either column 72 of a card or line , or with 
one of the following delimiters: 

blank 
, comma 

/ slash 

$ dollar sign 


Blanks are ignored everywhere except when they occur between two 
numerical data fields. In this case the first field is terminated by the 
blank. Therefore input numbers must never contain embedded blanks . A 
blank card or line is not ignored but rather produces a single logical 
record . 

A comma is commonly used to terminate a data field when the logical 
record contains multiple inputs. A comma after the last data field on a 
card or line indicates that the record continues with the next card or 
line. Otherwise the record is terminated when the end of data on a card or 
line is reached . Successive commas may be used to generate zero values of 
integer variables in an input list . The following records are equivalent: 
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«EPEA| 

rKCNS 


f tnn» J 

I Of 512 tNG DATA 

I r^Sl li CONSTRAINT SET BOUNDS 
r$IOt CONSTRAINT SET lOENTiriCATIO^ 
i^$9i NUMBER Of CONS1RAINT SETS 
DESIGN VARIABIE IDENHEICATIOH 
1^57; DESIGN VARIABIE BOUNDS 

/^! BASIC optimization information 

|>^S5i OPTIMIZATION CONTROl EtOATING POINT PAR AM, qiNE 2) 
^S4f OPTIMIZATION CONIROiriOATING POINT PARAM,(UNEi r 
/S3t OPTIMIZATION CONTROl INTEGER PARAMETRICS 
/^$2t PROGRAM CONTROl PARAMETE^^ — — 

^S1: CASE TITU 1 


Figure 5* Sizing Data Setup 


REPEAT FOR EACH 
NONZERO 
STirrENER ElEMENT 
AND SKIN 


PEPEAT 
I . J OADS 
TIMES 

I 


^A18» END OF DATA 

^Al7s SKIN LAYUP DESIGN CONSTRAINTS 


rS!6! DESIGN STRAIIT LIMITATIONS 

repeat a — — — — 

NMAT rAIS: STIFFNESS REQUIREMENTS 

TIMES /^A|4: MATERIAL SPECIFICATION 

I i^AI3! loads and ECCENTRICITIES 

additional ANALYSIS CONTROL DATA 
ES /^AnVMArERIAL ALLOWABLES 

^AIO; MATERIAL PROPERTIES 
material COPE NUMBER 
PLY ORIENTATIONS ~ 

A7t PLY THICKNESS 


I ^A6t NUMBER OF PLIES 

NUMBER OF LAMINATE SUBSETS TO BE OEriNED 
/'Mt PLATE ELEMENT SUBSET IDENTIFICATION NUMBERS 
A3t PLATE ELEMENT SYMMEIRY AND REPEAT INDICATOR 
t GEOMETRY 
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(a) 3 0 0 4. 

50 

(b) 3, 0, 0, 

4., 50 

C c) 3 1 1 » 4 . , 

50 

(d) 3, 0. 0, 



4., 

50 


A slash may b& used to termlnasto* a* logical record. fmy data field 
following a slash begins a new record;. Thus , several records may be placed 
on a single card or line if the records are separated by si ashes . k slash 
following a coirana prevents continuation and terminates the record . 

A dollar sign signals the end of data on a card or line and the space 
following the dollar sign may be used for comments . A dollar sign directly 
following a data field or data field, and blanks signifies, the end of the- 
logical record. k dollar sign following a comma or a comma and blanks 
allows continuatioo of the logical record on the next card= or line. 

Comment cards or lines may be inserted in the data set at any location 
after the case title on the first card or line . Comment cards are signtr- 
f'ted, by a ”G" in column 1. 

The main transfer of input and computed data between COPES and ANALIZ 
occurs through the common block denoted GLOBCM. The locations in GLOBCM 
and the corresponding parameters in ANALIZ are listed in Figure 7. The 
margins of safety are defined in Figure 3. The stiffener dimensions are 
defined in Figure 2. XL is the panel length. The TPLY (I) are lamina 
bhicknesses. Weight is the panel weight per unit plan area. 


GLOBCM 

LOCATION 

: 1-16 

21 



22 

23 

24 

25 

26 

27 

31-50 

51 

ANALIZ 

PARAMETER 

1-16 : 

W(T) 

W(2) 

W(3l 

W(4) 

H ^ 


■ 

XL 

TPLY(I) 

to 

TPLY(20) 

WEIGHT 


Figure 7,, Locations of Aoolysis Parameters in GLOBCM, 
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Detailed descriptions of the input quantities required for each logi- 
cal record in the sizing and analysis data are given in the following 
sections. Explanatory comments on selected records are given in a sub- 
sequent section. 

SIZIHG DATA 


Input records numbered from SI to S12 specify data required for panel 
sizing. If only a single analysis of a particular panel is desired, 
records S3 through S11 are optional. A list of the twelve sizing records 
and definitions of the input parameters of each record are given below. 

SI - Case Title 


Parameter Description 


TITLE Any Hollerith text up to 72 characters 


S2 - Program Control Parameters 


Parameter Description 


NCALC 

NDV 


1 - Single analysis only (may omit other items except S12) 

2 - Optimize 

Number of independent design variables. 


IPMPUT 1 - Sizing data and title page printed. 

2 - Sizing data and title page not printed 

S3 - Optimization Control Integer Parameters 

Parameter Description 

IPRINT 0 - No print during optimization. 

1 - Print initial and final optimization information. 

2 - Print above plus objective function and design vari- 
ables at each iteration. 


3 - Print above plus constraints, direction vector and 

raov e par am e ter s . 

4 - Print above plus gradient information. 

5 - Print above plus one-dimensional search information. 

ITMAX Maximum number of optimization iterations. Be fault =20 

ICNDIR Conjugate direction restart parameter. Set s NDV + 1 but 

< 10. 

NSCAL Number of iterations allowed between design variable 

scaling. Set = NDV + 1 

ITRM Number of consecutive iterations which must satisfy 

termination criterion. Default = 3 

LINOBJ Set = 0 

NACMX1 One plus maximum number of active constraints anticipated. 

Set > 10 

54 - Optimization Control Floating Point Parameters (Line 1) 

Parameter Description 

FDCH Relative change in design variables in calculating finite 

difference gradients. Default = 0.01 

FDCHM Minimum absolute change in design variables in calculating 

finite difference gradients. Default = 0.00001. 

55 - Optimization Control Floating Point Parameter (Line 2) 

Parameter Description 

DELFUN Minimum relative change in objective function to indicate 

convergence. Default = 0.001 

DABFUN Minimum absolute change in objective function to indicate 

convergence. Default = 0.00001 times initial objective 

function . 

56 - Basic Optimization Information 

Parameter Description 

NDVTOT NDV + number of linked variables. 

JOBJ Objective function location in common block GLOBCM. 

Set = 51 for minimum-weight. 
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SGNOPT 


Set s +1.0 for maximization. Set = -1.0 for minimization 


37 - Design Variable Bounds 

Input lower and upper bounds, one line for each of the NDV independent 
design variables, in the following order; W(l), WC2), W(3)« W(4), H, 
BS, XL, TPLY (1),...TPLY(20). 

Parameter Description 

VLB Lower bound. Set > 0.0 

I 

VUB Upper bound. Set = 1.E16 If no upper bound. 


S8 - Design Variable Identification 

Input one line for each of the NDVTOT design variables. 

Parameter Description 

NDSGN Number from 1 to NDV which names independent design varia 

ble or defines independent variables to which linked 
variable is attached. 

IDSGN Location in the common block GLOBCM of each of the NDVTOT 

design variables. 


AMULT Constant multiplier on this design variable. The value of 

the variable will be the value of the design variable, 
NDSGN, times AMULT. Default = 1.0. 

S9 - Number of Constraint Sets 

Two or more adjacent parameters in the common block GLOBCM with the 
same bounds form a constraint set. 

Parameter Description 

NCONS Number of constraint sets. 


S10* - Constraint Set Identification 


Parameter 

ICON 

JCON 

KCON 


Description 

First position in GLOBCM corresponding to constraint set. 
Last position in GLOBCM corresponding to constraint set. 

0 - Nonlinear constraint set. 

1 - Linear constraint set. 
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Slf* - Congtrairit 3^t Bbands 


Parameter 

Descrtbtloft 



BL 

Lower bOund on 

coh:Stftai# 

t set. ■ 

BU 

Upper bound on 
bound . 

constrain 

it set. Set 5^ +1.0E16 if no upper 

**^Repeat the set 

S10 and S11 for 

eicb of 8 

CONS constraint sets. 

S12 - iriitf of Si 

zing bata- 



Parameter 

Description 



SIZ 

In put the word 

SIZ beg in 

ning in column t. 

ANALYSIS DATA 




Input records numbered frc 

>m At to 

A18 Specify the data’ r'eqSir'ed to 

analyze a particular panel. TV 
serves as a starting point fo 

vis data < 
r the Si 

also defines the panel desigh’ that 
zing pftoCesSd’ fncluded' ib these 

records are’ data specifying the 

panel ge 

ometry , laminate designs , material 

parameters# loading conditions, 

design re 

iquiremen'ts , and analysis control S<> 

A list of the 

18 analysis reco: 

rds and d 

efinitions of the input parametefs 

of each reCord 

are given below. 



A1 - Analysis Control Data 



Parameter 

Description 



IWRITE 

0 - Minimum analysis' pri 

1 - Max imum analysis pft: 

zation . 

.ntout . Use during optimization. 

In tout. Do not use during optimi- 

NLOADS 

Number of load 

cases . t 

fax imdm a 5 


NMAT Number of materials to be defiriecf Max imum = 10 

NSTMX Maxiiaum number of stiffenefS per tf aft averse buckle full 

Mavelengtb in tdftsioftai/flejtbrai (fjode. DOfaiflt = 2 
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NITER 


NMAX 


A2 - Geometry 
Parameter 
W(1) 

W(2) 

W(3) 

W(4) 

H 

BS 

XL 


Number of iterations to be used in determining stiffener 
local buckling load. Default =12 

Maximum number of half-waves to be checked in stiffener 
local buckling calculations. 

Default = 2 • XL/(skin initial buckling vraivelength) for 
blade, 

= 2 • XL/W(5) for stiffener with free flange. 

z 


Description 

Left free flange width. 

Right free flange width. 

Left attached flange width. 

I 

Right attached flange width. 
Stiffener height. 

Stiffener spacing. 

Panel length. 


W<J) 


W(5) 


W(2) 


W(3) 


BS 


’sT 


C « CENTROlO 
S - SHEAR CENTER 


W(4) 


BS 


■A/— 


A3* - Plate Element Symmetry and Repeat Indicator 
Parameter Description 


NSYM 


NLS 


NREP 


0 - No Symmetry. 

1 - Element lay-up is symmetrical with respect to middle 

surface. Only lower half of element is specified. 

Number of subset identifications to be read on next line. 
Maximum =30 

Number of times NLS subsets are to be repeated. 


A4* - Plate Element Subset Identification Numbers 


Parameter Description 

LS NLS subset identifiGations starting at lower surface of 

element. A negative sign in front of the subset identi- 
fication number indicates that ply orientations are to be 
read in reversed order. 

•Repeat the set A3 and A4 for each nonzero plate element in the order: 
W(1), W(2), w(3), W(4), web, skin. 


17 




A5 - Muabef of l»aiainate Subaeta t«:» be Def ined 


LarUinate aubsets are defined to simmplify and avoid duplication of 
input . Each subaet may have up to 10 pliea. The material code number 
and ply thickneaa must be the same for all plies in the subset. 

Parameter Description 

NSUBS Number of aubaets to be defined. Maximum number = 20. 

A6* - Number of Pliea 

Parameter Description 

NPLY Number of plies in subset. Maximum number s 10. 

A7* - Ply Thickneaa 


Parameter Description 

TPLY Thickness of each ply in subset . 

A8* - Ply Orientations 

Parameter Description 

THETA Orientations relative to stiffener direction (degrees) 

-90 < 9 < 90; NPLY values 

*Repeat the set A6, A7, and a 8 for each of the NSUBS subsets. 

A9»» - Material Code Number 


Parameter Description 

MAT 1 - Isotropic materials 

2 - Orthotropic (2-D) 

A10*» - Material Properties 

If MAT = 1, read in isotropic pnopenties (5 values) in sequence 


Parameter 

Description 

E 

Elastic modulus 

G 

Shear modulus 

ANU 

Poisson ' s rati o 

ALPHA 

Coefficient of thermal expansion 

RHO 

Density 
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If MAT = 2, read in 2-D orthotropic properties (7 values) 


Parameter 

Ell 

E22 

G12 

ANU12 


Description 

Elastic modulus (fiber direction) 
Elastic modulus (transverse direction) 
Shear modulus (in-plane) 

Major Poisson’s ratio 


ALPHA 1 Coefficient of thermal expansion (fiber direction) 

ALPHA2 Coefficient of thermal expansion (transverse direction) 

RHO Density 

A11»» - Material Allowables 

If MAT = 1, read in isotropic material allowables (6 values; 3 strains and 
3 stresses) in sequence (all values positive). 

Parameter Description 

€„ Tensile strain 

T 

Compressive strain 
y Shear strain 

Tensile stress 

<T^ Compressive stress 

Shear stress 

If MAT = 2, read in orthotropic material allowables (10 values; 5 strains 
and 5 stresses) in sequence (all values positive). 

Parameter Description 

Tensile strain (fiber direction) 

Compressive strain (transverse direction) 

Tensile strain (fiber direction) 

2T 

€ Compressive strain (transverse direction) 

y Shear strain (in-plane) 
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Tensile stress (fiber direction) 


O’ 

IT 


°1C 

‘It 

or 

2C 

'T- 


Compressive stresss (transverse direction) 
Tensile stress ( fiber direction) 
Gompressive stress (transverse direction) 
Shear stress (in-plane)^ 


•♦Repeat the set 19^ MQ, AH for each of the MMAT materials . 


A12* - Additional Analysis Control Data 
Parameter Bescription 


MOPT 


ICLAMP 


NOBUCK 


ISEP 

NPX 


1 “ Maximum strain criterion used for skin and= stiffener 

strength 

2 - Tsai-Hill criterion used for skin and stiffener 

strength 

Q - Panel ends simply supported 

1 “ Panel ends clamped for calculation of moment due to 
pressure only 

0 - Skin is allowed to buckle 

1 - Skin is not allowed to buckle 

0 - Skin/stiffener interface stress analysis not performed 

1 - Skin/stiffener interface stress analysis performed 

Number of longitudinal locations per quarter-wavelength at 
which interface stresses are calculated . Default = 2. 


HPY Number of tran sverse locations starting at the web, 

across one attached flange width, Vf(3)- or W(4), at which 
interface stresses are calculated . Default = 2. Max imum 
= 21 . 

NSEP Number of transver se shape functions used in interface 

stress analysis. Default s 10. Maximum = 20. 

A13* - Loads and Eccentrietles 


Parameter Description 

XN(1) Axial load per unit width (tension positive) . 

XN(2) Transverse load per unit width (tension positive) . 


XN(3) Shear load per unit width. 


PRESS Normal pressure (internal positive). 

DELT Temperature change from unstressed state (temperature rise 

positive) . 
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DEL 


Ratio of initial bow to panel length (program checks 
ioEL). 

DELNX Eccentricity of axial load measured positive from outer 

surface of skin. Default = load at centroid. 

A14* - Material Specification 

Parameter Description 

MATNO Material number from the material list to be used for each 

laminate subset. Read NSUBS values. 

A15* - Stiffness Requirements 

Parameter Description 

GTREQ Required skin shear stiffness per unit width. 

ETREQ Required panel extensional stiffness per unit width. 


A16* - Design Strain Limitations 

Input positive values. Use limit i^llowables with limit loads. Use 
ultimate allowables with ultimate loads. Zero values default to 
material allowable strains. 

Parameter Description 

STRLIM(I) Fiber direction tesnion membrane strain allowable in skin. 


STRLIM(2) Fiber direction compression membrane strain allowable in 
skin . 


STRLIMC3) Transverse direction tension membrane strain allowable in 
skin. 

STRLIM(4) Transverse direction compression membrane strain allowable 
in skin. 

•Repeat the set A12 through A16 for each of the NLOADS load cases. 


A17 - Skin Layup Design Constraints 

Minimum proportions of skin mater- 
ial oriented in three zones shown 
at right may be specified. The 
angle 0, THETAA, is commonly zero 
but may be any small angle. 

Parameter Description 

THETAA Small positive angle 

(degrees) defining lon- 
gitudinal and transverse 
zones . 
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SKRAT(I) Minimum proportion of skin material required to be orient- 
ed between - THETAA from the longitudinal direction (Zone 
1 ). 

SKRAT(2) Minimum proportion of akin material required to have 

orientationa between longitudinal and tranaverae zonea 
(Zone 2). 

SKRAT(3) Minimum proportion of akin material required to be orient- 
ed between — THETAA frc»n the tranaverae direction (Zone 
3 ). 


A18 — End of Data 


Parameter Deacription 

END Input the word END atarting in colimn 1. 

COMMENTS ON SELECTED INPUT DATA 


The input data required for panel aizing and analyaia have been 
defined in aummary form in the preceding aectiona. The input reeorda that 
require further attention are diacuaaed below. 

Record S2 - The computational cost of sizing a panel is a strong 
function of the number of independent design variables, NDV, used in the 
sizing procedure. The optimization procedure computes gradients to the 
constraints (margins of safety) and the objective function (weight) at the 
Start of each optimization iteration to determine how to improve the 
design. Since these gradients are finite difference gradients, one com- 
plete analysis is required for each of the NDV design variables at each 
iteration. If ten iterations are required to reach an optimum design and 
NDV = 8, 80 analyses are required just to obtain gradient information. 
Additional analyses are required in each iteration cycle to locate the 
optimum for that cycle. Although the analysis procedures are computa- 
tionally efficient, computational expense can be significant if a large 
number of analyses are required. Therefore, a variable should be defined 
as a design variable only if it is critical to the optimization process. 
One or more variables may be linked at practical proportions to a single 
design variable (see Record S8). In this way a practical design is ob- 
tained and NDV remains small. If experience suggests to the user that a 
certain variable would likely reach a practical upper or lower bound 
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during optimization, that variable should be fixed at the bound rather than 
be defined as a design variable. Here again NDV will be kept small at no 
penalty to the sizing process. 

Further computational economy can be achieved by minimizing the number 
of optimization iterations required to reach an optimum. This can be done 
by starting the sizing process from a reasonable design. The starting 
design should have reasonable proportions and critical margins of safety 
which do not greatly exceed their defined lower bounds. Single analyses, 
should be performed to obtain a reasonable design before starting the 
sizing process. If either a greatly over designed or a highly infeasible 
cross-section is chosen as a starting design, an optimum will eventually be 
reached but perhaps only after a large number of iterations. 

Record S3 - The input parameter I PRINT controls the amount of output 
during optimization. It should normally be set equal to 2 during sizing. 
This will give the user useful information on intermediate designs obtained 
before the final design is reached . More or less output may be obtained by 
increasing or decreasing IPRINT. The other parameters in this and subse- 
quent items that have default values should be allowed to assume these 
values unless noted. 

Records S9 - S11 - The parameters in these input records define the 
constraint set or sets. If all margins of safety have the same bounds, 
only one constraint set needs to be defined. In this case NCONS = 1, 
ICON = 1, JCON = 16, KCON = 0. If, for example, the margin of safety in 
Mode 12 is required to have a lower bound of 0.1 and all other margins of 
safety are simply required to be positive, three constraint sets would be 
required (NCONS = 3). Records S10 and S11 would be repeated three times as 
follows : 


S10: 

1 

11 

0 

S11: 

0. 

1.E16 


S10: 

12 

12 

0 

S11: 

0.1 

0.1 


S10: 

13 

16 

0 

S11: 

0. 

1.E16 
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Record AT - The input parameter IWRITE controls the amount of output 
during an analysis. When IWRITE s 1, a large amount of output is obtained 
as described in the following section. Vfhen IWRITE = 0, only the input 
data and a margin of safety summary are printed. The user must always set 
IWRITE = 0 during sizing to avoid an extremely large amount of output. It 
is suggested that a single analysis be performed with IWRITE = 1 after a 
successful sizing to produce a complete listing of the computed analysis 
results . 

The parameter MSTMX defines the ma^lPUm number of stiffeners partici- 
pating in one full transvense buckle wavelength in the torsional/^flexural 
analysis. The transverse mode shape is shown below in Figure 8. Experience 
has shown that two stiffeners per wavelength is normally sufficient, to 
include the critical torsional/flexural mode and this number is suggested 
for use during sizing. Larger values may be checked during single analyses, 
if desired. 



Figure 8» Transverse Mode Shape for Torsional/Flexural 
Buckling Analysis 


The parameter NITER defines the number of iterations used in deter- 
mining the stiffener local buckling load. A simple step halving procedure 
is used to find the critical buckling load factor . The accuracy of the 
load factor is ( The de fault value (NITER = 12) yields an 
accuracy of 0,02 percent . A smaller value of NITER may be sufficient 

during sizing. 

The parameter NMAX specifies the number of wavelengths considered in 
the stiffener local buckling analysis. The default values are normally 
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sufficient, aiould these values not be large enough, a message will be 
returned (when IWRITE = 1 only) suggesting that NMAX be Increased over the 
default or the previously input value. 

Record A2 - The geometry of the panel is defined in this item. The 
stiffener height, H, is the total distance measured from the inner surface 
of the skin to the far surface of the free flange as shown in Figure 2. 
The flange widths are measured to the web centerline regardless of whether 
one or two flanges are present at either flange/web junction. 

Records A3 ~ A8 - The configuration of each of’ the stiffener elements 
and the skin are specified in these items in terms of the laminate subsets. 
In thick laminates, a given stacking sequence is often repeated several 
times, either directly or in reversed order. Laminate subsets are defined 
in order to conserve storage and to reduce the amount of input data 
required. For example, in the 20-ply laminate 

[i30/02/902/02/+30]g 

the 5~ply subset 

[+30/O2/90] 

occurs four times, twice in the specified sequence and twice in reversed 
sequence . 

Up to 20 distinct laminate subsets (NSUBS) may be defined. Each 
subset may have a maximum of 10 plies or layers, which must all have the 
same thickness and basic material properties. Subsets are to be defined 
sequentially 1, 2, ..., L, ..., NSUBS by specifying the number of plies, 
NPLY, the ply thickness, TPLY, and the orientations, THETA, of each ply in 
the subset. 

To illustrate the concept of laminate subsets, consider the J-stiffen- 
ed panel shown in Figure 9. The available ply thickness is assumed to be 
0.005 in. Three subsets are defined. The first subset consists of 3 plies 
having orientations of +45°, -45°, and 0°. The second subset has two plies 
at 0° and is treated as one layer with a thickness of 0.01 in. The third 
subset combines 10 plies into one layer with thickness of 0.05 in. and an 
orientation of 0°. 
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1 


SUBSET 

J 

2 

3 

NPLY 

3 

1 

1 

TPLY 

.005 

.010 

.050 

THETA 

+45. 

0. 

0. 


-45. 




0. 





Figure 9, J-Stiffened Panel and Laminate Subsets 


The configuration of each nonzero stiffener element and the skin is 
defined by specifying the quantities NSYM, NLS, and NREP, followed by NLS 
subset identification numbers. The latter are listed in sequence, 
beginning at the lower surface of the laminate. To indicate that the ply 
orientations within a subset are to be read in reversed order , the subset 

identification number is input with a negative sign. For laminates which 

are symmetrical with respect to their middle surface (NSYM = 1), only the 
lower half of the element needs to be specified. When no symmetry exists 
(NSYM s 0), all subsets in the laminate must be identified. NLS represents 
the number of subsets to be read, whereas NREP is the number of times these 
NLS subsets are to be repreated. As an example, in Figure 10 each of the 

plate elements in the cross-section of Figure 9 has been defined in two 

different ways, the first one being the preferred way. 

If a skin /stiffener interface stress analysis is to be performed, an 
interface layer must be defined. A separate subset should be used for this 
purpose. This subset should be the first one specified in the configura- 
tion of the stiffener attached flanges. In this case the symmetry and 
repeat parameters, NSYM and NREP, should both be zero. 
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ELEMENT 

NSYM 

NLS 

NREP 

SUBSET IDENTIFICATIONS (LS) 

1 

\ 

5 




0 

10 


1/1, 1J,3, -3,-1, -1, -1,-1 

3 

1 

1 

3 

1 


0 

8 

0 


4 

1 

1 

3 

1 


1 

4 

0 


Web 

1 

1 

3 

1 


1 

4 

0 

1,1, M 

Skin 

1 

3 

2 

1,2,-1 


1 

9 

moiiii 

1,2,-1,1,2,-1,1,2,-1 


Figure 10, Stiffener Element and Skin Definition 


Records A9 - All - These input records define the materials that are 
used in the panel. Up to 10 linear elastic materials may be specified. 
Each material is numbered sequentially starting from 1 in the order in 
which they are specified. 

If load cases corresponding to different design conditions, e.g. 
service (or limit) and ultimate load cases, are defined, different mate- 
rials with properties and allowables appropriate to the particular load 

'i 

cases should be specified. This situation is illustrated in examples 
presented in a following section of this report. 

The skin/stiffener interface analysis assumes that the interface layer 
is isotropic. The interface material should therefore be specified with 
MAT = 1. 

Record A12 - Parameters that control the type and details of the 
analyses that may vary from one load case to another are specified in this 
record. These parameters, as well as those in records A13 - A16 are 
repeated sequentially for each of the NLOAD load cases. 
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MOPT 3 fleGt 3 the eriteFloh to be used in the stiffener and skin 
strength analyses. It has no effect on the skiq/stiffener interface stress 
analysis in which the Tsai-Hill criterion is used. 

If a buckled skin is acceptgble (flOBUCK = 0) , a buckled skin analysis 
is performed , skin stiffness reductions are accounted for in the beam- 
column analysis i and the antisymmetric skin/stiffener interface stress 
analysis is performed if ISEP = 1. If the skin is tp be buckling resistant 
(NpilUCK s 1), none of the above analyses are per formed regardless of 
whether the skin buckling margin of safety (Mode 9) is positive or 
negative . 

If ISEP 5 1, a skin/stiffenar interface stress analysis is performed 
if NOBUCK 5 0 and the skip is buckled qr if an internal pressure load iS 
applied . It is suggested that this analysis not be performed (luring sizing 
unless reliable interface allowable stresses are available. 

The parameters NPX and NPY define the number of equally spaced points 
in the longitudinal and transverse directions , respectively . at which the 
interface stress state is evaluated . If the skin is buckled t NPX is the 
number of points in one half the skin buckling half-wavelength. If the 
skin is not buckled but internal pressure is present, NPX is the number of 
points in one half of the panel length. If both buckling and internal 
pressure are present , NPX is defined relative to the buckling wavelength 
but stresses are computed by superposing the antisymmetric and symmmetric 
interface stresses at all points from the panel end up to one half of the 
panel length. Ib is suggested that NPX be set equal to 2. NPY is the 
number of points from the stiffener web center-line to the edge of the 
flange. NSEP is the number of shape functions used in the Interface stress 
analysis and should be investigated with respect to convergence of the 
solutions for specific cases . 

Record A13 - Here the applied loads and eccentricities are specified. 
The relative magnitudes of the loads must meet the requirements discussed 
in an earlier section . 

If an initial bow eccentricity is specified, both positive and 
negative values of bow are checked. However . the skip margins of safety 
are computed only for a positive bow since this inward bow results in 
increased compression strain in the skin . The axial load eccentricity. 
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DELNX, should be specified only if the panel axial load is applied at a 
panel runout at which the centroid does not align with the panel centroid. 

Record A14 - The material associated with each subset is defined in 
this record. MATNO is a list of NS UBS material numbers with values from 1 
to NMAT. For example, if five subsets except subset 4 were made of the 
first material defined and subset 4 was made of the second material 
defined . - 

Record A16 - The design strain limitations defined In this record 
apply to the membrane strains in each ply in the skin only. This is the 

last record that is repeated for each of the NLOAD load cases. 

Record A17 - Lower bounds may be placed on the proportions of skin 
material oriented in three general directions or zones as shown in the 
definition of record A 17. In this way the skin laminate may be required to 
have specific relative stiffness characteristics. For example, if a skin 
that is flexible, or "soft", in the longitudinal direction is desired, high 
lower bounds on the relative amount of material in the transverse and/or 
intermediate directions may be specified. In this case the lower bound on 
material in the longitudinal directions would be set to zero. 

If only 0, +45, and 90-degree orientations are to be used, the angle 
THETAA, defining the extent of the longitudinal and transverse zones, may 
be set to zero degrees. If +5, +45, +85-degree orientations are to be 
used, THETAA should be set to 5 degrees. 

OUTPUT 

In the analysis mode, the output is produced by the routines in 
ANALIZ. With IWRITE = 0, minimum output is returned fron these routines. 
This includes the input data, the panel weight, a stunmary of the margins 
of safety for all load cases, and the critical margin of safety, the 
failure mode, and the associated load case. 

When rWRITE = 1, the input data is returned followed by detailed 

results from each analysis routine for each load case and for both positive 
and negative values of initial bow eccentricity. 
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SecstfoTri properties 6f the stiffener only, with no attaehed skin, are 
pnintdd. Here the vertical distance from the inner surface of the skin to 
the etiffener centroid iS defined as ZST. Skin and unbuckled panel 
stiffnesses ate printed C^fedeS 1 and 2). BucklCd skin parameters and 
tangent membrane stiffnesses are Showh. The buckled panel stiffnesa and 
moments are followed by the results of the skin strength analyses (Modes 3 
and 4). The skin strength iS checked at the four corners of a quadrant of 
a half-buckle vj’ave cf dimehstonS SS by X where X iS the longitudinal 
half-Wavelength. The four locattons where skin strength commutations are 
made are showh in Figure 11. Both membrane and membrane plus bending 
strains or stresses arC Shown for each ply depending on whether the raakimum 
strain or the Tsai-Hill criterion is used. The strain ratios shown (MOPT = 
1) are the values of strain divided by the allowable values Tor each ply. 
The StreSs ratio Shown (MOPT = 2) is the effective stress ratio accordirig 
to the Tsai-Hill criterion. The critical margins of safety, ply, fiber 
orientations, and Computed and allowable stresses or strains are shoWn. If 
the skin is not buckled, similar results are printed except strength is 
checked at only one point on the panel. Results for Modes 3 arid 4 are 
computed Only When the initial bow eccentricity is inward since this case 
corresponds to increased compression in the skin. 



Figure 11 , Four Locations where Skin Strength is Evaluated 
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Similar results are printed for the stiffener strength modes. If the 
stiffener has free flanges, only Modes 5 and/or 6 are checked. If the 
stiffener is a blade, only Mode 7 is checked. Summary results follow for 

the buckling analyses. Modes 8 through 12. All of these analyses are 

1 

performed for both inward and outward initial bow eccehtricities.i 

The skin/ stiffener interface stress analysis (Mode 13) is performed 
only for inward bow eccentricity since this corresponds to a higher degree 
of skin postbuckling. Total stresses at points spaced equally in the 
X direction and in the y direction are shown. If the skin is buckled, NPX 
points are spaced longitudinally a distance X/(2*NPX) apart starting at 
the panel end. If internal pressure is present and the skin is post- 
buckled, the same spacing is maintained but the number of points is 
increased so that stresses are checked from the panel end to midspan. If 
internal pressure is present but the skin is not buckled, NPX points are 
spaced XL/(2*NPX) apart from the panel end to raidspan. If the skin is not 
buckled and zero or external pressure is present, no skin/stiffener inter- 
face stress analysis is performed. In all cases, NPY points equally spaced 
across one attached flange width are defined starting at the stiffener web 
centerline. The margin of safety and the critical location are printed 
along with the postbuckling and pressure edge moments and shears in the 
skin at the edge of the attached flange. 

Skin layup design requirements (Modes 14-16) and actual values of the 
portions of the skin material oriented in the three zones previously de- 
fined are printed. The panel weight and margin of safety summary conclude 
the analysis output. 

In the sizing mode, sizing input and default data is printed if 
IPNPtIT = 1. This is followed by the analysis data for the starting design. 
If IPRINT - 2, as suggested, the objective function value, the design 
variables, and the constraint values will be printed for the initial 
design, the intermediate designs and the final design. The constraint 
values are related to the margins of safety in each mode for the critical 
load case for each mode. This relation is 

G = - MS/ SCALE 

where G is the constraint value, MS is the margin of safety and SCALE Is a 
scale factor. The scale factor is the smaller of 0.1 and the absolute 


31 



Valutf of the lower b#Uhd to the eonsthaint. When a particular mode does 
hot afpiy to a certain Structure, MS is set esctual to 99.0 by the pfOgram. 

After convergehce to an optitnuttt is achteved j a surtimary of the design 
variables and constraints fOr the flhal design is output. The margin of 
Safety summary for all of the load CaSeS coipletes the output . 

AS an illuStrition Of the uSe Of P0Sf(jp, a typlci| analyilS/sizing 
cycle is shown by ifPeahS of f*buf ejtaifiples. The four e^faipleS are (1) 

preliminary Analysis , (2) Sizing, (3) Final Sizing , and (4) Final Analysis. 

An I -Stiffened , graphite/ epoxy panel is to be designed to carry limit 
loads of 6000 Ibs/in longitudinal CotnpreSSioh and 600 Ibs/in shear . Ah 
initial bow eccentricity of 0.001 times the panel length is assumed. Ihe 
panel must be buckling resistant at the limit loads but may be loaded in 
the postbuckling range at ultimate loads equal to 1 . 5 times the limit 
loads . 

For practical reasons , the sti f fener spacing is set at 6 inches and 
the attached flange widths ar'S set at 0.75 inch each. The panel length is 
fixed at 20 inches. the panel Weight should be minimized. Other 

dimensions , material properties, material allowables ahd other design 
requirements are shown in the output . 

The stiffener is bonded to the skin . A skin/stiffener interface 
stress analysis is performed in the final analysis (Example 4). 


I 
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EXAMPLE 1 - PRELIMINARY ANALYSIS 


The first step In sizing a panel is to obtain a reasonable design with 
which to start the optimization process. The following results represent 
such a design. The margins of safety are all positive and two are less 
than 30 percent. Figure 12 shows the cross-section analyzed. A listing of 
the input data is given on the following pages. The output data, shown 
subsequently, is typical when the output controls IPNPUT = 2 and 
IWRITE = 0. 



Figure 12, Initio! Design for l~Stiffened Panel 



INFUf MIft: pm t 

yrc 

NtVMEER DATA 

t mm EXAHiE I - I-SECTIW PRaiMiNART AWLYSIS mm 

C.....mm 82 - FR0(5RA» CONim PARAMETPS! NG«.C,lffiV,IW? 

2 1 2 

C RECfii 8t2 - EN& OP mm DATA 

3 SIZ 

C.....RgC0Ra At T AN^YSIS COWm DATA! IUAITE.»I.OADS.NmT 

4 0 2 3 

C RECORD A2 ^ OEOtiTRVi ift>,»t2>,l*t3hW#iAIS,)tL 

5 .65 .65 .75 .75 i.6 6. 2D. 

C REPEAT RECORDS A3 AND A4 FOR EACi NPZERi PLATE aHEffi 

C..... RECORD A3 - PLATE ELB®i SYUETRY AND REPEAT INWCATORS! t®YH>NL3.fiEP 

6 15 ) U(t) 

C..... RECORD A4 - PLATE ELBfNT SUBSET IDENTIFICATION NWIBERSJ tS 


7 

3 

1 -1 

2 4 

8 

1 

5 

* W(2J 

9 

3 

t -1 

2 4 

10 

0 

7 

t Mt3> 

U 

5 

1 “1 

6 -1 t 3 

12 

0 

7 

% ym 

13 

5 

1 -1 

6 -1 1 3 

14 

,1 

4 

* H, NEB 

15 

3 

1 -1 

6 

16 

1 

10 

$ BS> SKIN: 

17 

8 

-8 9 

10 10 9 -7 7 9 ; 


G RECORD A5 - NUMBER OF LAMINATE SUBSETS TO BE DEFIltD? NSUBS 

18 10 

C REPEAT RECORDS A6.A7 m AD NSUBS TIMES 

C. .. ..RECOf® A6 - NUMBER OF PLIES* NPtY 


19 

2 

ISU6SPN0'. 1 

C..... RECORD A7 

- PLY THICKNESS: TPLY 

20 

.005 


G. 

....RECORD A8 

- PLY CRIENTATIC*^: THPA 

21 

45. -45. 


22 

1 

$ SUBSET NO. 2 

23 

.025 


24 

0. 


25 

1 

$ SUBSET NO. 3 

26 

.005 


27 

90. 


28 

1 

1 SUBSET NO. 4 

29 

.0025 


30 

90. 


31 

1 

$ StiSP NO. 5 

32 

.005 

ft 


34 

y. 

1 

4 SUBSET NO. 6 

35 

.010 


36 

0. 
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Lire 

NUMBER 


irWT DATA* PAGE 2 


DATA 


i H I H i 1 1 H 1 1 1 1 1 1 1 HW i U Hf * W «W 


37 

2 

1 SUBSET MO. 7 

38 

.006 


39 

45. -45. 


40 

2 

% SUBSET NO. 8 

41 

.005 


42 

45. -45. 


43 

1 

1 SUBSET NO. 9 

44 

.020 


45 

0. 


46 

1 

( SUBSET NO. 10 

47 

.0025 


48 

90. 



C..... REPEAT RECORDS A9,A10 AND All NMAT T1«S 
C..... RECORD A9! NATERIM. CODE NUMBER: >«T 

49 2 $ MATERIAL NO. 1 (ORTHOTROPIC) 

C..... RECORD AlO - MATERIAL PROPERTIES: E'S,G,NU,ALPm'S,RHO 

50 .185E8 .1ME7 . 870E6 . 300 . 240E-6 .182E-4 .057 

C RECORD All - MATERIAL (UOHABLES: STRAINS! OT,0(^90T,90C,S 

C STRESSES! 0T.OC,9OT,9OC,S 

51 .853E-2 .670E-2 .500E-2 .lOOE-1 .133-1, 

52 .133E6 .124E6 .840E4 .184E5 .116E6 

53 2 $ MATERIAL NO. 2 lORTHOROPlC) 

54 .185E8 .184E7 .870E& .300 .240E-6 .1&2E-4 .057 

55 .930E-2 .1005E-1 .750E-2 .150E-1 .200-1, 

56 .200E6 .186E6 .126E5 .246E5 .174E6 

57 1 $ MATERIAL NO. 3 (ISOTROPIC) 

58 .245E6 .943E5 .300 .144E-4 .050 

59 .0257 .122 ,0954 6300. 30000. 9000. 

C...,. REPEAT RECORDS A12.A13,A14,A15 AND A16 M.OADS TIMES 
C RECORD A12 - ADDITION«. ANALYSIS CONTROL DATA: MOPT. ICLAfP. NOBUCK 

60 I 0 0 $ LOAD CASE NO. 1 (ULTIWTE LOAD) 

C..... RECORD A13 - LOADS AND ECCENTRICITIES: XN1,XN2,XN3, PRESS, DELT,Da,DELNX 

61 -9000. 0. 900. 0. 0. .001 0. 

C RECORD A14 - MATERI^l SPECIFICATION: MATNO 

62 2 2 2 2 3 2 2 2 2 2 

C. . . . .RECORD A15 - STIFFNESS REQUIREJCNTS: GTREQ,ETREQ 

63 .3E6 1.5E6 

C FECORD A16 - EESIGN STRAIN LIMITATIONS: 0T,0C,9OT,90C 

64 .0045 .0040 .0045 .0040 

65 101 $ LOAD CASE NO. 2 (LIMIT LOAD) 

66 -6000. 0. 600. 0. 0. .001 0. 

67 11113 11111 

68 .3E6 1.5E6 

69 .0030 .0027 .0030 .0027 

C SKIN LAYUP DESIGN CONSTRAINTS: THETAA,SKRAT(1),SKRAT(2),SKRAT(3) 

70 0.0 0.2 0.3 0.05 

C..... RECORD A18 - END OF DATA 

71 m 
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Output for Example 1 


t *<•»««« t •« ff « i «« i > t «« t «• * «« f t t f « t f t « f i 

***** EXWftf I-SECIIW Pra.WINA8^ »«« 

f •« f «««• ft «««*•« f « i i •«««»*»«« «i « f « * t • t « 

ft # ft ft ft ft ft ft ft I ft ft 
ft ft ft 0 f T 0 P ft ft ft 

! 

ftftftftftftftftftftftft 

ft ft ft ft POSTMm® G(»-SIIfWtB CPTBDW PANllS ft ♦ ft ft 

mYSIS AND SIZIN© OF GOW^ITE PmS »IT» 

3TIFF0€RS SUBJECTED TO GEftm INPLfftE LOADS Afffi LWIfORH 
PRESSURE. PANELS MAY BE LOADED IN THE POSTBUCKLIND RANGE. 

ft ft ft ft LOOaCED GEORGIA COIf AWY ft ♦ ft JIM 1983 * ft ft ft 


IWRITE * 0 NLOADS = 2 

NWT * 3 

NSTMX * 2 

NITER =12 NHAX * 0 

FUY«E WIDTHS: Ml * 

.650 M2 * 

.650 M3 

= .750 W4 * .750 

STIFEICR HEIGHT * 1.600 

STIFFENER SPACING = 6.000 

PANEL LENGTH = 20.00 


ELEf€NT LAMINATE CCMIGURATIONSs 


FLANGE 1 

NSYM* 1 

NLSS* 5 

NREP* 0 

SUBSETS: 

3 

1 -1 

2 4 


FLANGE 2 

NSYIt= I 

MSS* 5 

NREP* 0 

SUBSETS: 

3 

1 -1 

2 4 


FLANGE 3 

NSYH* 0 

NLSS* 7 

NREP* 0 

SUBSETS: 

5 

1 -1 

6 -1 

1 3 

FLtfCE 4 

NSYM* 0 

NLSS* 7 

NREP* 0 

SUBSETS: 

5 

1 -1 

6 -1 

1 3 

WEB 

NSYM* 1 

NLSS* 4 

IfiEP* 0 

subsets: 

3 

1 -1 

6 


SKIN 

NSYM* 1 

NLSS*10 

NREPi 0 

SUBSETS: 

8 

-8 9 10 10 

9 -7 


9 10 


T« FOaOWING LAMINATE SUBSETS ARE DEFMD: 


1 

2 

PLIES 

aY 

2 

1 

PLY 

aY 

3 

1 

aY 

aY 

4 

1 

aY 

aY 

5 

1 

aY 

aY 

6 

1 

aY 

aY 

7 

2 

aiEs 

aY 

8 

2 

aiES 

aY 

9 

1 

aY 

aY 

10 

1 

ay 

aY 


THICK1€8S= .00500 
THI0<J€S8= .02500 
THIGKNESS= .00500 
THICKNESS^ .00250 
THICKNE^ .00500 
THiaO€8S= .01000 
THICKNESS* .00500 
THICKNESS* .00500 
THICKNESS* .02000 
THIOMSS* .00250 


ORIENTATIONS 

45 

ORIENTATION 

0 

ORIENTATION 

90 

ORIENTATION 

90 

ORIENTATION 

0 

ORIENTATION 

0 

ORIENTATIONS 

45 

ORIENTATIONS 

45 

ORIENTATION 

0 

ORIENTATION 

90 


-45 


-45 

-45 
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THE FQLL0HIN6 HATERIM.S SPECIFIED: 


HATERWl NO. I 

EM= ,185+Oe 
E22= .164+07 
E33= .164+07 


CODE » 2 

G12» .870+06 
613= .870+06 
623= .870+06 


RHO = .570-01 

NU12= .300+00 
NU13= .300+00 
NU23= .300+00 


ALPWl= .240-06 
pum= .162-04 
.162-04 


ALLOWABLE STRAIN m S1HESS VALUES: 


0-DEGREE 

TENSION 

0-DEGREE 

COMPRESS. 

90-DEGREE 90-DEGREE 

TENSION COIfRESS. SI€AR 

STRAIN .653-02 
STRESS .133+06 

ii 

.50(H)2 

.840+04 

.100-01 .133-01 

.164+05 .116+06 

HATERIAL NO. 2 

CODE = 2 

RHO = ,570-01 


Ell= .185+08 
E22= .164+07 
E33= ,164+07 

612= .870+06 
613= ,870+06 
623= .870+06 

NU12= .300+00 
NU13= .300+00 
NU23« .300+00 

^1PHA1= .240-06 
ALPHA2= ,162-04 
ALPHA3= .162-04 

ALLOWABLE STRAIN AND STRESS VALUES: 



0-DEGREE 

TENSION 

0-DEGREE 

COTPRESS. 

90-DEGREE 90-DEGREE 

TENSION COMPRESS. SHEAR 

STRAIN .980-02 

STRESS .200+06 

.101-01 

.186+06 

.750-02 

.126+05 

.150-01 .200-01 

.246+05 ,174+06 

miERIAL NO. 3 

CODE = 1 

RHO = .500-01 


Ell= .245+06 
E22= .245+06 
E33» .245+06 

612= .943+05 
613= .943+05 
623= .943+05 

NU12= .300+00 
NU13= .300+00 
NU23= .300+00 

ALPHA1= .144-04 
«J>HA2= .144-04 
ALPHA3= .144-04 

/UOHABLE STRAIN AND STRESS VALUES: 



0-DEGREE 

TENSION 

0-DEGREE 

CClfRESS. 

90-CEGREE 90-DEGREE 

TENSION COMPRESS. SHB« 

STRAIN .257-01 

STRESS .630+04 

.122+00 

.300+05 

.257-01 

.630+04 

.122+00 .954-01 

.300+05 .900+04 
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i * *• t, >i * * :■» « >1 » * ». f i 

# f « CASE HUIIBQ) 1 « 1 1 

t * f f f f i # # * ■» f t I * 


HCPT = 1 ICLAMP = 0 MPIMlfO 

ISEP = 0 m = 0 m * 0 liP » 0 


miED LDABS (F08CE/UNW li » W 

PRESSURE s .00 TiiPAlil 0W. t 

IMim ECim /UN6TH » .0010 A» WIB Etm * 


SUBSET HATERIAL SPECIFIGATIONs 

SUBSET I MATPIAL NO. 2 

SUBSET 2 NAliRIRL NO. 2 

SUBSET 3 MATlRlfiLNO. 2 
SUBSET 4 MAT1R1W. no. 2 

SUB^T 5 fWTlRIAL ND. 3 

SUBSET h HATERIAL NO. 2 

SUBSET 7 MATERIAL Np. 2 

8UBPT 8 MATERIAL NO. 2 

SUBSET 9 MATERIAL NO. 2 

SUBSET 10 MATERIAL NO. 2 


REQUIRED SHEAR STIFFNESS, 6TRE9 « .3000*06 
REQUIRED AXIAL STIFFNESS, ETREQ * .1500+07 

STRAIN LIMITATIONS IN SKIN (MEMERii ONLY) 

0-DEG. TENSION 0-HG. COI^^. 90-DIG. TiilON 
.0045 • .W)40 .0015 


0 . m » W ‘ 

0 . 

.0000 


9«hi3IG. COMPRESS. 
.0040 


38 



ft t f f t * f f * « * f f t » * 

* ft ft LOAD CASE NUHBER 2 * * » 

ft ft ft ft ft ft ft ft ft ft ft ft ft ft ft ft 


H0PT=1 ICUW = 0 NOBUOCsl 

ISEP = 0 ffX = 0 M>Y » 0 NSEP = 0 

imiED LOADS IFORCE/UNIT WIDTH)! NX = -6000. NY * 
PRESSURE = .00 TEMPERATURE DIFF. * 

INITI«. ECCEN. /LENGTH » .0010 AXIAL LOAD ECCEN. * 


SUBSET MATERIAL SPECIFICATION! 

SUBSET 1 MATERIM. NO. 1 

SUBSET 2 MATERIW. MO. 1 

SUBSET 3 MATERIAL NO. 1 

SUBSET 4 MATERIAL NO. 1 

SUBSET 5 MATERIAL NO. 3 

SUBSET 6 MATERIAL NO. I 

SUBSET 7 MATERItt. NO. 1 

SUBSET 8 WTERIAL NO. I 

SUBSET 9 MATERIW. no. 1 

SUBSET 10 MATERIAL NO. 1 


REQUIRED SHEAR STIFRCSS, GTREQ - .3000+06 
REQUIRED AXIW. STIFFICSS. ETREQ * .1500+07 


STRAIN LIMITATIONS IN SKIN (MEMBRANE OM.Y) 

0-DEG. TENSION 0-DEG. COtfRESS. 90-DE6, TENSION 
.0030 .0027 .0030 


SKIN LAYUP DESIGN CONSTRAINTS - ■n€TW) = .0 

SKRAT(l) SKRAT(2> SKRATO) 

.200 .300 .050 


0. NXY » 600. 

0 . 

.0000 


90-DEG. COPRESS. 
.0027 
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uEiGHT/umiT PtJii pm ) » .01^ 


i * « MfiRSlS* OF mm StiHiftY I i » 

uiMcAilll. 


NGOE 

iESlilPTlii 

i 

i 

1 

SHB« stifNess 

.679 

.679 

2 

LONGIT. STIFFNE^ 

1.026 

1.026 

3 

SKIN StRBiGTH 

1.097 

2.260 

4 

STRAIN LIHITATION 

.192 

.331 

5 

L. FLANGE STRENGTH 

1.420 

1.749 

& 

R. FLANGE STfENGTH 

1.420 

1.749 

7 

WEB STRENGTH 

99.000 

99.000 

8 

STIF. LOCAL BUCKLING 

1.382 

3.005 

9 

SKIM LOCAL BUCKLING 

99.000 

.434 

10 

ROLLING BUCKLI^ 

2.336 

4.645 

11 

TORS. /FLEX. RI0(LIN6 

2.290 

4.973 

12 

EULER Ruckl ing 

.332 

1.200 

13 

SKIN/STIF. IN^ACE 

99.000 

99.000 

14 

SKIN LAW {LONGIT. ) 

1.791 

1.791 

15 

SKIN layUp ( intern.) 

.240 

.240 

16 

9CIN LAYUP (TR«{SV. ) 

.395 

.395 


HINIMlff !¥«GIN OF S^mV = . 192 

CRirm HOEE* 4 
L(}ftDB«Cfl^ = I 

Pu m. 14 IS CRITICll ORIENTATION = 90. 

STRAINS f«E: EPSl * .001765 EPS2 * -.003355 EP812 * -.001787 

ALLOH. STRAINS ARE! EPSl = .004500 EPS2 » .004500 #Sl2 = .020000 

EPSl = -.004000 EPS2 = -.0<»500 


FROGWW CALLS TO ANALIZ 

iCALC CALLS 

1 1 

2 1 

S i 
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EXAMPLE 2 - SIZING 


Using the design of the previous example as the starting design, a 
rainimum-weight panel is deternlined using stiffener dimensions and lamina 
thicknesses as design variables. Eight independent design variables are 
defined. Two linked variables are defined. The right free flange width is 
required to be equal to the left free flange width. The thickness of the 
90-degree material in the free flange is required to be 0.1 times the 
thickness of the 0-degree material to provide for a minimum transverse 
stiffness in the flange and to control matrix cracking in the 0-degree 
material. Upper bounds are imposed on the stiffener dimensions although 
these bounds prove not to be active constraints after sizing is completed. 
All margins of safety are required to be positive and the margin of safety 
of Mode 12 is required to be greater than 0.1. Membrane strain limitations 
and skin layup design constraints are imposed on the skin. 

The output shown consists of the sizing and analysis data, an initial 
margin of safety summary, intermediate sizing results, and the final design 
with its margin of safety summary. Four raargins of safety are close to 
their lower bounds. These are Modes 4 and 8 from the ultimate load case. 
Mode 9 from the limit load case, and Mode 15. Two hundred seventeen calls 
to the major analysis routine (ANALIZ) were made. The input data is listed 
on the following pages. The output follows the input data listing. 
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LINE 

NUHEER 


Dfllfls PfldE 1 


1 OftHPlf 2 - I-SECTION SIZIMB «*•* 

C. . . . .I«a)RD S2 - PRQGRflH CGNTRO. PfilWtTERSJ NCW.C, NfiV, IWWT 

2 2 8 1 

c. . . . .fiietti m - »>TiHi^fi8H eoNm ifiteB? 

3 2 20 0 9 0 0 10 

C RECORD S4 - OPTIH. CONTROL ROftTlNS POIfT PRlWMEtESS: fUGH* Wi 

4 0. .00001 

C..... RECORD 85 - OPTIH. CONTROL FLOftTtNO POINT PflRA^iTERS! l)iELPti,t)«il 


5 0. .00001 

C.... .RECORD 86 


BASIC OPTIHIZRTIQN INPoRHATlONs N0 ^,iOBj,SONCI>T 


6 

10 51 -1. 


C. 

....REPEAT RECOf® 87 NDV TlHES 

C. 

....RECORD 87 - 

DESIGN VARIABLE lOlliS: VLB.VUB 

7 

0. 1.0 

ltd) 

8 

0. 2.0 

1 H 

9 

0. 1.E16 

1 TPLVtl) 

10 

0. 1.E16 

1 m.7(2) 

11 

0. hEl6 

1 TPLY{6) 

12 

0. 1.E16 

1 #tY(7) 

13 

0. 1.E16 

1 tPLYlS) 

14 

0. 1.E16 

1 TPLY(9) 

C. . . . .REPEAT lECORD 88 ND9T0T TlHES 

C. 

....RECORD 88 - 

DESIGN VARlAilE IDENTlPlCATlON: NDSGN' 

15 

1 21 

1 td) 

16 

2 25 

1 H 

17 

3 31 

1 TRlY(I) 

18 

4 32 

1 T^Y(2) 

19 

5 36 

1 fPLYl6) 

20 

6 37 

1 TPLY(7) 

21 

7 38 

1 Wum 

22 

8 39 

1 TPLYI9) 

23 

1 22 

lf(2)^d) 

24 

4 34 .1 

ITPLYt4)*.l*TPLY(2) 

C. 

....RECORD 89 - 

NOHBER OP eONSTRAlNt ^Ss NCONS 

25 

3 


C..... REPEAT RECORDS 810 AND 811 NCONS TlltS 

e. 

....RECORD 810 

- CONTRIANTS ^ IDENTIFICATION* ICON,, 

26 

1 11 

1 CONSTRAINTS 1 - d 

G, 

.... RECOIL 811 

- CONSTRAINT SET BOUNDS* BL.BU 

27 

28 

0. 1.116 

12 12 

f CONSTRAINT 12 

29 

0.1 1.E16 


m 

13 16 

f CONSTRAINTS 13 - 16 

3l 

0. 1.E16 


C. 

....RECORD 812 

- END OF SIZING DATA 

32 

G. 

Sit 

....RECORD A1 - 

• ANALYSIS CONTROL DATA* IliITt»NLOADS,l 
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’ 33 0 2 3 

C.....RE01RD A2 - aOfCTW! 

34 .65 .65 .75 .75 1.6 6. 20. 

C..... REPEAT l^CORDS A3 A4 FOR EACH NONZETO PWTE 

C..... RECORD A3 - PLATE ELEFCKT SYWCTRY AND REPEAT INDICATORS! NSVH,M.S,NREP 

35 I 5 I H(1) 

C. . ... RECORD A4 - PLATE ELEHENT SUBSET IDENTIFICATION NUNBERSs LS 

36 3 I -I 2 4 

37 I 5 IH(2) 

38 3 1 -1 2 4 

39 0 7 IH(3> 

40 5 1 -1 6 -1 1 3 

41 0 7 $H(4) 

42 5 1 -1 6 -1 1 3 

43 1 4 $ H. UEB 

44 3 I -1 6 

45 1 10 I BS, SKIN 

46 8 -8 9 10 10 9 -7 7 9 10 

C..... RECORD A5 - NUMBER OF LAMINATE SUBSETS TO BE DEFINED! NSUBS 

47 10 

C. . . . .REPEAT RECORDS A6rA7 AND A8 NSUBS TIMES 
C..... RECORD A6 - NUMBER OF PLIES! WIY 

48 2 % SUBSET NO. 1 

C..... RECORD A7 - PLY THICKNESS! TPLY 

49 .005 

C RECORD A8 - PLY ORIENTATIONS! THETA 

50 45. -45. 

51 1 $ SUBSET NO. 2 

52 .025 

53 0. 

54 I $ SUBSET NO. 3 

55 .005 

56 90. 

57 I $ SUBSET HO. 4 

58 . 0025 

59 90. 

60 1 i SUBSET NO. 5 

61 .005 

62 0. 

63 1 I SUBSET NO. 6 

64 .010 

65 0. 

66 2 $ SUBSET NO. 7 

67 .005 

68 45. -45, 

69 2 $ SUBSET NO . 8 

70 .005 

71 45. -45. 
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INPUT MTAi PAGE 3 


72 

1 

i SUBS0 NO. 9 

73 

.020 


74 

0. 


75 

I 

1 SUBS0 NO. 10 

76 

.0025 



77 90. 

RE(X)RDS A9fA10 At® AH 
C RECOf® A9: WTERIAL CODE NUHBERf MT 

78 2 $ WTERIAL NO. 1 I0RTH0T1MPIC) 

C RECOf® AlO - fWTSIAL PROPERTIES! E'S,6rlU,AlJ«'S,RH0 

79 .185E8 .1640 .0OE6 .300 .240E-6 .i62M .057 

C RECORD All - MATERIAL AULOHABLES* STRAINS! OT*OC,90T.90C,S 

C STRESSES! OT,0C,9OTv90C,S 

80 .653E-2 .670E-2 .500E-2 .lOOE-1 .133-1, 

81 .133E6 .124E6 .840E4 .164E5 .116E6 

82 2 « MATERIAL NO. 2 (ORTHOROPIC) 

83 .185E8 .1640 .870E6 .300 .240E-6 .162E-4 .057 

84 .980E-2 .1005E-1 .750E-2 .150E-1 .200-1, 

85 .200E6 .186E6 .126E5 .246E5 .174E6 

86 1 $ MATPIAL NO. 3 IISOTROPIC) 

87 .249E6 . 943E5 .300 .1441-4 ,050 

88 .0257 .122 .0954 6300. 30000. 9000. 

C.....REPEAT RECORDS A12,A13,Al4rAl5 AND A16 NLOADS TIMES 

C..... RECORD A12 - ADDITIONAL AWIYSIS CONTROL DATA! MDPT,ICUW, NOBUCK 

89 too $ LOAD CASE NO. 1 (ULTIMATE 

C RECORD A13 - LOADS AND ECCENTRICITIES! XN1,XN2,XN3, PRESS, DELTrDEL,OaNX 

90 -9000. 0. 900. 0. 0. .001 0. 

C RECORD A14 - MATERIAL SPECIFICATION! fWTNO 

91 2 2 2 2 3 2 2 2 2 2 

C..,.. RECORD A15 - STIFFNESS REeUIREM0ITS! 6TREQ,ETREQ 

92 .3E6 1.5E6 

C RECORD A16 - DESIGN STRAIN LIMITATIONSi OT,0C,9OT,9OC 

93 ,0045 .0040 .0045 .0040 

94 101 % LOAD CASE NO. 2 (LIMIT LOAD) 

95 -6000. 0. 600. 0. 0. .001 0. 

96 11113 111 1 1 

97 .3E6 1.5E6 

98 .0030 .0027 .0030 .0027 

C SKIN LAYUP DESIGN CONSTRAINTS! TH0AA,St®AT(ll,SKRAT(2),SKRAT(3) 

99 0.0 0,2 0.3 0.05 

C.,,..1«C0RB A18 - END OF DATA 

100 END 


LI»C 

NUMBER 
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Output for Example 2 


TITLE: 

***** EX«fL£ 2 - I-SECTIOH SIZING ***** 


CONTROL PWWCTERS! 

CALCULATION CONTROL, NC«.C = 2 
NUNECR OF OLOBM. DESIGN V^filADLES, NDV » 8 
IffUT WORHATION PRINT CODE, IPWW = I 


OICULATION CONTROL. NCALC 
VM.UE remiNG 

1 SINGLE ANM.YSIS 

2 OPTINIZATION 


* * OPTIMIZATION INFORMATION 

GLOBAL VARIABLE NUMBER OF OBJECTIVE ^ 51 

MULTIPLIER (fEGATiVE IMJICATES MINIMIZATION) = -.1000+01 


COmiN PARAMETERS (IF ZERO, CONHIN DEFAULT HIU OVER-RIDE) 


IPRINT ITWX 

ICNDIR NSCAL 

ITRH LIN08J 

NACHXl IFD6 

2 20 

0 9 

0 0 

10 0 

FDCH 

FDCm 

CT 

CTMIN 

.00000 

.10000-04 

.00000 

.00000 

CTL 

CTLMIM 

THETA 

PHI 

.00000 

.00000 

.00000 

.00000 

CELFUN 

DABFUN 

ALPHAX 

ABOBJl 

.00000 

.10000-04 

.00000 

.00000 


DESIGN VARIABLE FORMATION 

NON-ZERO INITIAL V«.UE WILL OVER-RIDE MODULE IffUT 


D. V. 

LOWER 

UPPER 

INITIW. 


NO. 

BOUND 

BOUND 

VW.UE 

SCALE 

1 

.00000 

.10000+01 

.00000 

.00000 

2 

.00000 

.20000+01 

.00000 

.00000 

3 

.00000 

.11000+14 

.00000 

.00000 

4 

.00000 

.11000+16 

.00000 

.00000 

5 

.00000 

.11000+16 

.00000 

.00000 

6 

.00000 

.11000+16 

.00000 

.00000 

7 

.00000 

.11000+16 

.00000 

.00000 

8 

.00000 

.11000+16 

.00000 

.00000 
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CO^TRAIKT I^fOWttTKl 
THERE ARE 3 CflNSTT^M SCTS 


GLOBAL GLOB^ UMEAjit LOliiR 
IB m. 1 y^. 2 ID DW 

1 1 u 6 .0^ 

12 12 12 D .igbjXHOO 

13 is U 0 .0^ 

TOTAI, HUSBER OF CONSTRAUP PAW«TERS = 


HDimiZATKlN. iJPPP 

FAOTOii atPi 

. IQQOO^ . I lO0fi*lfe . ii4mkk 

.imm .UO0JH16 .U0fi»!)#l4 

.10000^ .110^4 .UOOQtl<> 

16 


» ♦ ESTIMATED DATA STORAGE RE9UIRE]fNTS 

REAl. IKTEGE^. 

IM>U|; EXECUTION AVAILABLE IW EXiOITION AVAILAH^ 
123 508 5000 85 147 1000 
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**w Eumi 2 — I-SECTION SIZING **m 


i « f P 0 S T 0 P * » » 

f « f f i « t f • t f f 

i » t i POSTBUCKLED OPEH-STIFFDO OPTMII PANELS * f * « 

ATW.YSIS m SIZING OF COtPOSITE PWCLS WITH OPEN-SECTION 
STIFFENERS SUBJECTED TO GENERAL INPLANE LOADS Alffl UNIFORM 
PRESSURE. PANELS IWY BE LOADED IN TIC POSTBUCKLING RANGE. 

* » * f LOCKICED GEORGIA COIPMiY # » » JlfC 1983 » * ♦ * 


IWRITE = 0 ftOADS = 2 NHAT = 3 MSTMX = 2 NITER =12 »1AX = 0 

FLWCE WIDTHS: W1 = .650 H2 = .650 H3 = .750 H4 = .750 

STIFFENER HEIGHT = 1.600 STIFFEICR SPACING = 6.000 PAICL LENGTH = 20.00 


aEMENT LAMINATE CONFIOJRATIONS: 


aANGE 1 

NSY«= 1 

M.SS= 5 

NR£P= 0 

SUBSETS: 

3 

1 -1 

2 4 


FLANGE 2 

NSYIt= 1 

NLSS= 5 

NREP= 0 

SUBSETS: 

3 

1 -1 

2 4 


FLANGE 3 

NSYM= 0 

ftSS= 7 

NREP= 0 

subsets: 

5 

1 -1 

6-1 

1 3 

FUWGE 4 

NSYM= 0 

ftSS= 7 

NREP= 0 

SUBSETS; 

5 

1 -1 

6 -I 

1 3 

WEB 

NSYM= 1 

ILSS= 4 

MCP= 0 

subsets: 

3 

1 -1 

6 


SKIN 

NSYM= 1 

ILSS=10 

MCP= 0 

SUBSETS: 

8 

-8 9 10 10 

9 -7 


9 10 


TIC FOLLOWING URINATE SUBSETS /«E DEFINED: 


1 

2 PLIES 

FLY 

THICKICSS= .00500 

ORIENTATIONS 

45 -45 

2 

1 FLY 

PLY 

THICKICSS= .02500 

ORIENTATION 

0 

3 

1 PLY 

FLY 

THICKNESS* .00500 

ORIENTATION 

90 

4 

1 PLY 

PLY 

THICKI£SS= .00250 

ORIENTATION 

90 

5 

1 PLY 

PLY 

THICWCSS= .00500 

ORIENTATION 

0 

6 

1 PLY 

PLY 

THICKNESS= .01000 

ORIENTATION 

0 

7 

2 PLIES 

PLY 

THICKICSS= .00500 

ORIENTATIONS 

45 -45 

8 

2 PLIES 

PLY 

THICKNESS* .00500 

ORIENTATIONS 

45 -45 

9 

1 PLY 

PLY 

THICWeSS= .020T)0 

lORIENTATION 

0 

10 

1 PLY 

PLY 

THICKNESS® .00250 

ORIENTATION 

90 
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7>C F0II.QWIN6 m 


HATERia im I mi m 2 m * Mm 

Ell« .t8S*d8 (tji2« .24(H6 

E22» .164+W Gl^» .87<H0G .mm <PWft2« .I<«2-04 

E33* .164+07 623= .870+06 N023« ,300+00 462-04 

ALLONABI^ STRAW m STRESS VALUlSl 


O-DECREE 

0-DEGREE 

90^DC6REE 

90-EI6RII 


TENSION 

CCKfRESS. 

TENSION 

COIfRiSS. 


STRAIN .653-02 

.670-02 

.500-02 

.100-01 

♦1^1 

STRESS .133+06 

.124+06 

.840+04 

.164+05 

416+06 

MTERIAL NO. 2 

GO0E= 2 




EU» .185+08 612= .870+06 NU12*« .300+00 fltPHAl*' .240-06 
E22= .164+07 GIS* .870*06 NU13* .300*00 AIPHA2? .162-04 
E33= .164+07 623= .870+06 My23= .300+00 AtPWASs .162-04 

ALLOWABLE STRAIN AND STRESS VALUES^ 



O-DECREE 

TENSIGW 

0-DE6REE 

amiss. 

90-DEOR^ 

TPSION 

9O-DE0REE 

comiss. 

SHEAR 

STRAIN 

.980-02 

.101-01 

.750-02 

.150-01 

.200-01 

STRESS 

.200+06 

486+06 

.126+05 

.246*<^ 

.174+06 


MATERIAL NO. 3 CODE = I P9H * .fOO-01 

Ell= .245+06 612= .943+05 14012= .300*00 ALPHA1= .144-04 
E22= .245+06 613= .943*05 HU3= .300+00 ALPHA2= .144-04 
133= .245+06 623= .943+05 NU23= .300+00 ALPHAS® .144-04 


m.0MASLE STRAIN m STRESS VALUES: 



0-IE6RIE 

T06ION 

O-DECREE 

COMPRESS. 

90-M6RII 

TENSION 

90-CE6RK 

Gomiss. 

mm 

STRAIN 

.217-01 

.122*00 

.257-01 

.122+00 

.954-01 

STRESS, 

.630+04 

.:^K>+05 

.630+04 

.300+05 

.900+04 


48 



* « f ft f f » » f « * i t • « f 

ft ft ft LOM) CASE (MfflER 1»§» 

ft ft ft ft ft ft ft ft ft ft ft ft ft ft ft ft 


HOPT = 1 ICLAHP » 0 NOBUCK * 0 

ISEP - 0 M»X »0 NPY »0 NSEP =0 

APPLIED LOADS (FORCE/UNIT WIDTH): MX = -9000. MY * 
PRESSURE » .00 TDfERATljRE DIF. = 

INITIM. ECCEN./LENGTH » .0010 AXIAL LOAD ECCEN. > 


SUBSET MATERIAL SPECIFICATION: 

SUBSET 1 MATERIAL NO. 2 

SUBSET 2 fWTERIAL MO. 2 

SUBSET 3 MATERIAL MO. 2 

SUBSET 4 MATERIM. MO. 2 

SUBSET 5 fWTERI«. NO. 3 . 

SUBSET i MATERIAL NO. 2 

SUBSET 7 MATERIAL MO. 2 

SUBSET 8 WTERIW. NO. 2 

SUBSET 9 ' fWTERIAL NO. 2 

SUBSET 10 MATERIAL MO. 2 


REQUIRED SHEAR STIFFICSS, GTRE8 = .3000KX) 

REQUIRED AXIAL STIFFfCSS, ETREQ * .150(HO7 

STRAIN LIMITATIONS IM SKIM (fCMBRANE OHY) 

0-DEG. COf«?ESS. 90-DE6. TENSION 
.0040 .0045 


0-DEG. TENSION 
.0045 


0. MXY* 900. 

0 . 

,0000 


90-DEG. COMPRESS. 
.0040 
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« * « # f # « # f f :# i 4 i 

t • • lOAO CASE NUHBQi ^ * f f 

• i f « • f • f i « « f • i « f 


H0PT»1 ICUW = 0 NOBUCKsl 

isEP = o m » o m » f »» 


APPLIED (FORtl/yNIT UID7H): KX s if # 

PRESSURE - ,00 TBfiRATWE ilPF, # 

INITIAL ECCEN. /LENGTH = .0010 AXI«, LOAD EOIN. * 


SUBSET WTIRIAL SPECIFICATION! 

SUBSET 1 MATERIAL NO. I 

SUBSET 2 MAT0TIAL NO. 1 

SUBSET 3 WTEMALNO. 1 

SUBSET 4 HATERIAL NO. 1 

SUBSET 5 NATERIW. NO. 3 

SUBSET 6 HATERIALNO. I 

SUBSET 7 HAT0TK1NO. 1 

SUBSET 8 IWTERIAL NO. 1 

SUBSET 9 mTERIAL NO. 1 

SUBSET 10 HATERIAL NO. 1 


REQUIRED SHEAR STIFFNESS, GTREQ ? .3000*06 
REQUIRED AXIf^ STIFFNESS. ETREQ ^ .1$00*07 

STRAIN LimTATlQNS IN SKIN (HEHBRANE ONLY) 

0-l£G. TENSION 0-DEG. CO)«?ESS. 90-0EG. TENSION 
.0030 .0027 .0030 


SKIN LAYUP DESIGN CONSTRAINTS — THETf« * .0 

SKRAT(l) SiaiAT(2) SKRATI3) 

.200 .300 .050 


0, NXY s 600, 
.0000 


90-DEG. COMPRESS. 
.0027 
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ICIGHT/UJNIT PUtN AREA) > ,01536 


* § « MM^IN OF SAFETY SUHHWY *** 

LOADING CASE NO. 

HOOE DESCRIPTION 1 2 3 4 S 


1 

S)CAft STIFFICSS 

.679 

.679 

2 

LOHGIT. STIFFICSS 

1.026 

1.026 

3 

SKIN STRENGTH 

1.097 

2.260 

4 

STRAIN LIHITATION 

.192 

.331 

5 

L. FLANGE STRENGTH 

1.420 

1.749 

6 

R. FLANGE STRENGTH 

1.420 

1.749 

7 

HEB STRENGTH 

99.000 

99.000 

8 

STIF. LOCAL BUCKLING 

1.382 

3.005 

9 

SKIN LOCAL BUCKLING 

99.000 

.434 

10 

ROLLING BUCKLING 

2.336 

4.645 

11 

TORS. /FLEX. BICKLING 

2.290 

4.973 

12 

EULER BUCKLING 

.332 

1.200 

13 

SKIN/STIF. INTERFACE 

99.000 

99.000 

14 

SKIN LAYUP (LONGIT.) 

1.791 

1.791 

15 

SKIN LAYUP (INTERH.) 

.240 

.240 

U> 

SKIN LAYUP (TRANSV.) 

.395 

.395 


HINIIM1 HARGIN OF SAFETY = . 192 

CRITICAL NODE * 4 
LOADING CASE » 1 


PLY NO. 14 IS CRITICM. ORIENTATION = 90. 


STRAINS mt EPSl * 

.001765 

EPS2 s -.003355 

EPS12 = -.001787 

ALLOW. STRAINS mi EPSl s 

.004500 

EPS2= .004500 

EPS12= .020000 

EPSl s 

-.004000 

EPS2 » -.004000 
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INITIAL FUNCTION irFONNATION 


OBJ* .153523-01 


DECISION VflftlABlfiS (X-VECTCR) 

1) .^000+00 .l«»0^l .SOaXHS . 25000*01 .lOOOO-Ol 

7) .50000-02 .20000-01 


CONSTWIINT OftLUlS (0-VECTOR) 

1) -.07884+01 -.10265+02 -.t0965«<fi -.19207+01 -.14201+02 
7) -.990OO+<0 -.13816+02 -.43WI+01 -.23356+02 -.22904+02 
13) -.99000+03 -.17907+02 -.24031+01 -.39535+01 


ITER* 1 OBJ* .14670^1 
DECISION VARIABLES (X-VECTOR) 

1) .64087+00 .15816+01 .49158-02 .24826-01 .99^8-02 

7) .48765-02 .18518-01 

CCNSTRAINT VALUES (G-VECTOR) 

1) -.62127+01 -.90628+01 -.45960+01 .71153-03 -.91284+01 

7) -.99000+03 -.90308+01 -.24828+01 -.16905+02 -.16040+02 

13) -.99000+03 -.17215+02 -.27407+01 -.46962+01 


ITER* 2 OBJ* .14536-01 
DECISIOl VARIABLES (X-VECTOR) 

1) .64470+00 .17239+01 .47669-02 .25291-01 .99846-02 

7) .48131-02 .18195-01 

CCNSTRAM VALUES (G-VECTOR) 

1) -.59002+01 -.88913+01 -.44770+01 -.95391-01 -.11449+02 

7) -.99000+03 -.88354+01 -.19675+01 -.12987+02 -.16407+02 

13) -.99000+03 -.17211+02 -.27004+01 -.49549+01 


ITER* 3 OBJ* .14114-01 
DECISION VARIABLES (X-VECTOR) 

1) .60415+00 .19230+01 .35788-02 .26301-01 .10150-01 

7) .46560-02 .18959-01 

COHSTRATIW VALUES (G-VECTOR^ 

1) -.^51+01 -.?S291+0l -.34548+01 -.25164-01 -.M973+(S 

7 % -.99000+03 -.70801-M -.12692+01 -.39850+01 -.11^5+(^ 

13) 99000+03 -.18628+02 -.17312+01 -.51000+01 


.SOOOOi® 

-.14201+02 

-.^♦01 

.48761-02 

-.91284+01 

-.16452+01 

.47410-02 

-.11449+02 

-.37656+01 

. 4 ^ 1-02 

-.11973+02 

-. 53 ^^ 8+01 
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ITER - 4 OBJ > . I4114-OI NO OVMOE IN OBJ 


DECISION VMUABLE8 U-VECTOR) 

1) .60415+00 .19230+01 .35788-02 .26301-01 .10150-01 

7) .46560-02 .18959-01 


CONSTRAINT VALUES (0-\«CTOR) 

1) -.49854+01 -.92291+01 
7) -.99000+03 -.70801-01 
13) -.99000+03 -.18628+02 


-.34548+01 

^.12692+01 

-.17312+01 


-.25164-01 -.11973+02 
-.39850+01 -.11825+02 
-.51000+01 


ITER* 5 OBJ* .14109-01 


lECISION VMUABLES (X-<«CTOR) 

1) .60359+00 .19237+01 .35618-02 .26308-01 .10152-01 

7) .46550-02 .18975-01 


(XNSTRAINT V^IUES (G-VECTOR) 



1) 

-.49764+01 

-.92364+01 

-.34474+01 

-.25755-01 

7) 

-.99000+03 

.24414-02 

-.12666+01 

-.39173+01 

13) 

-.99000+03 

-.18649+02 

-.17176+01 

-.50983+01 


-.11966+02 

-.11776+02 


ITER* 6 OBJ* .14097-01 
DECISION VARIABLES IX-VECTOR) 


1) .60101+00 .19095+01 

7) .46459-02 .19071-01 

(XNSTRAINT VALUES (G-VECTOR) 

1) -.49249+01 -.92831+01 

7) -.99000+03 -.21973-01 

13) -.99000+03 -.18772+02 


.35317-02 

.26363-01 

.10171-01 

-.34047+01 

-.25404-01 

-.11852+02 

-.12618+01 

-.39492+01 

-.11535+02 

-.16376+01 

-.50867+01 



ITER* 7 OBJ* .14056-01 


DECISION VWIABLES (X-VECTOR) 

I) .59238+00 .18752+01 

7) .46324-02 .19347-01 

CONSTRAINT VM.UES (G-'mOR) 

1) -.47587+01 -.94231+01 

7) -.99000+03 .24414-02 

13) -.99000+03 -.19141+02 


.34213-02 

.26645-01 

.10273-01 

-.32731+01 

-.22722-01 

-.11527+02 

-.12386+01 

-.38824+01 

-.10754+02 

-.13957+01 

-.50620+01 



.40841-02 


-.11973+02 

-.53428+01 


.40760-02 

-.11966+02 

-.53260+01 

.40321-02 

-.11852+02 

-.50626+01 

.38792-02 

-.11527+02 

-.44017+01 
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8 OBJ = 


13995 ^ 


CECISI<ii V^IAHJS <i«^dOR} 

1> .57730*0® ,18077*01 .mmiZ .10357^1 .3S28M)2 

7) .45573-02 .19985-01 

CONSTRAIIIT mm <6-ViC*0R) 

1) -.4^17*01 -.97708*01 -.29230*01 -.4^38-02 -.10758*^ %10758#2 

7) -.99000+# -.:^7294O0 -.11178*01 -,4Q»9« -.#101+01 *^*320^7*01 

13) -.99000*03 -,2()038*# -.®02#*OO -.50301*01 


ITER^* f iBJs .IBiS^Ol 

DeciBioN imBiis m^m 

1) .571689*00 .18113*01 ..32#7-02 .272^-01 .lOSM 

7) .45548-02 .20010-01 

CONSTRAINT 0«iJES (©-^mOR) 

1) -.42960+01 *.97865*0! -.29224+01 r.!7430-01 -.10854*02 -..lOgP*# 

7) -.99000*03 .24414-# -.11356+01 -.38145*01 -.92000*01 

13) -.99000*03 -,20081*02 -.77393*00 -.50331*01 


IT®« 10 OBJ* .I39!S^1 
DECISION VARIABLES (X-VECTOR) 

1) .56560+00 .18261*01 .32472-02 .2887001 .11040-01 .2900902 

7) .4505602 .20542-O1 

C0#TRAIIifT VM.UES (G-mOR) 

1) -.35440+01 -.10154+02 -.25212*01 -.4773201 -.11243+02 -.a243*# 

7) -,998©0*03 -.29053*00 -.79232*00 ^.#732*01 -.80013+01 -.37363+01 

13) -.99000+03 -.21203+02 -.196#-06 -.51894+01 


IT® = 11 OBJ = .13893-01 

EECISKIN V<«IABL£S (X-VECTOR) 


1) .56546+00 .18257+01 

7) .45078-02 .2047701 

.324#N# 

.28865-01 


.29018-# 

CDNSTRAINT VAL0E8 (©-VECTOR) 

1) -.35367+01 -.10105+02 
7) ’ -.W00+O3 -.24170+00 
13) -. 21161 *# 

-.24598+01 

-.74^1*00 

-.2295401 

.14558-# 

-.38145+01 

-.52178*01 

^.11147*02 

-.78458+01 

-.11147*02 

*.mmm 
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ITER » 12 OBJ » 


13887H)1 


DECISION VARIABLES (X-\€CTOR) 

n .56475*00 .18402*01 .32242-02 .28922-01 .11049-01 .28940-02 

7) .45117-02 .20463-01 

CONSTRAINT VALUES (G-VECTOR) 

1) -.35291*01 -.10101*02 -.24721*01 -.11959-01 -.11283+02 -^11283*02 

7) -.99000*03 .24414-02 -.73033*00 -.35810*01 -.78373*01 -.38982*01 

13) -.99000+03 -.21158*02 -.23578-01 -.52268*01 


ITER* 13 OBJ* .13815-01 
DECISION V«?IABLES (X-VECTOR) 

1) .53542*00 .17995*01 .29806-02 .32955-01 .12198-01 .25817-02 

7) .47929-02 .20342-01 

CONSTRAINT VW.UES (G-\ECTOR) 

1) -.34681*01 -.10156*02 -.25946*01 -.48883-01 -.11289*02 -.11289*02 

7) -.99000+03 -.26611*00 -.78760*00 -.34299*01 -.63394*01 -.34595+01 

13) -.99000*03 -.21128*02 -.30824-01 -.53022*01 


ITER* 14 OBJ* .13793-01 
DECISION VWUABLES IX-VECTOR) 

1) .53517*00 .17988*01 .29793-02 .32948-01 .12196-01 .25802-02 

7) .47893-02 .20287-01 

(XNSTRAINT VALUES (G-VECTOR) 

1) -.34519*01 -.10112*02 -.25245+01 .12994-03 -.11185+02 -.11185+02 

7) -.99000*03 -.21729*00 -.73250+00 -.33716*01 -.61714*01 -.34365+01 

13) -.99000+03 -.21102*02 -.43121-01 -.53314*01 


ITER* 15 OBJ* .13787-01 
DECISION VfRIABLES (X-VECTOR) 

1) .53473*00 .18141+01 .29620-02 .32990-01 .12203-01 .25704-02 

7) ,47838-02 .20281-01 

CONSTRAINT V(1UES (6-VECTOR) 

1) -.34311*01 -.10113+02 -.25277+01 -.12836-01 -.11335*02 -.11335*02 

7) -.99000*03 .24414-02 -.71021+00 -.31451*01 -.61598+01 -.36265*01 

13) -.99000+03 -.21118*02 -.30377-01 -.53440*01 
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ntR * 14 08J » .13651-01 


DECISION VflfilAilES IX-yECTOR) 

1 ) . 55279+00 . 19502+01 .mmm .mmm 

7) .51512-02 .19106-01 


CONSTRAINT VM.UE8 (G^OECTOR) 

1) -.27439+01 -.10045+02 
7) -.99000+03 -.^936+00 
13) -.99000+03 -.209OI#2 


-.24652+01 

-.25852-02 

-.34731-1)1 


-.59120-01 -.13355+02 
-.30217+01 -.82441+01 
-.41754+01 


ITER* 17 OBJ* .13614-01 


DECISION VARIABLES (X-VECTOR) 

1) .54212+00 .19160+01 .^19^ vtlM-Ol .15730^ 

7) .52496-02 .19052-01 


CONSTRAINT VALUES (G-VECT0R) 

1) -.28763+01 -.99402+01 
7) -.99000+03 -.43701+00 
13) -.99000+03 -.20725+<® 


-.24917+01 -.92387-05 -.13024+02 
-.77149-01 -.31200+01 -.73153+01 
-.1^228+00 -.41247+01 


ITER* 18 OBJ* .13401-01 


DECISION VARIABLES (X-'dCTGR) 

1) .53728+00 .19282+01 .27371-02 . 41288-01 .15773-01 

7) .52228-02 .19165-01 


CONSTRAINT VALUES (G-VECTOR) 


1) 

-.28123+01 

-.10012+02 

-.24469+01 

7) 

-.99000+03 

-.21973-01 

-.70781-01 

13) 

-.99000+03 

-.20897+02 

-.51«SH)1 


-.24382-01 -.13044+02 
-.27152+01 -.69695+01 
-.61046+01 


IT® * 19 OBJ = .13593-01 


DECISION VARIABLES <X-VECTOR) 

1) .53531+00 .1^25+01 .2711^ .41S21-® .1»N)1 

7) .52101-02 .1^-01 


CONSTRAINT VALUES (6-VECTGR) 


1) 

-.27820+01 

-.10040+02 -.24445+01 

-.24977-01 

7) 

-.99000+03 

.24414-02 -.66978-01 

-.27045+01 

13 ) 

T. 99000+03 

-.20976+02 .66906-04 

-.60949+01 


-.13027+02 

-.67978+01 


.18280-02 


-.13355+02 

-.72854+01 




M3^4+02 


.17988-02 


-.13066+02 

-.64766+01 


.. 17797 -^ 


-.13027+02 
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ITIR a 20 OBJ » 


135 ( 0^1 


DECISION VARIABLES (X-\£CTOR) 

1) .51583+00 .18M3+01 .24809-02 .423S4-01 .IW82-0I .1725H)2 

7) .53304-02 .19269-01 


CONSTRAINT V/IUES (C-VECTOR) 

1) -.28712+01 -.10052+02 
7) -.99000+03 -.19287+00 
13) -.99000+03 -.20903+02 


-.25130+01 

-.18898+00 

-.58713-01 


-.15938-01 -.12644+02 -.12644+02 
-.30110+01 -.53851+01 -.50401+01 
-.60375+01 


Fm OPTIMIZATION INFORMATION 
OBJa .135405-01 
DECISION V<«IABLES IX-VECTOR) 

1) .51583+00 .18643+01 .24809-02 .42364-01 .16682-01 .17256-02 

7) .53304-02 .19269-01 

CONSTRAINT V«.l)ES (0-VECTGR) 

1) -.28712+01 -.10052+02 -.25130+01 -.15938-01 -.12644+02 -.12644+02 

7) -.99000+03 -.19287+00 -.18898+00 -.30110+01 -.53851+01 -.50401+01 

13) -.99000+03 -.20903+02 -.58713-01 -.60375+01 

TICRE ARE 1 ACTIVE CONSTRAINTS 
CONSTRAINT NUMBERS ARE 

4 


TfCRE ARE 0 VIOLATED CONSTRAINTS 

Tf€RE ARE 0 ACTIVE SIDE CONSTRAINTS 

TERMI)«TION CRITERION 
ITER EQUALS ITMAX 

NUMBER OF ITERATIONS = 20 

OBJECTIVE FUNCTION WAS EVALUATED 213 TIMES 

CONSTRAINT FUNCTIONS WERE EVALUATED 213 TIMES 
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OPTIHUATigN fiSULTS 


nicTiciN 

OLOBAL LOCATIflN 51 Fli)ETI£)N VALUE 4354<M)I 


{iSIdi VARIABLE! 


IB 

D. V. 
NQ. 

aOBAL 
VAR. HO. 

BOUND 

VALUE 

WflR 

BOUND 

1 

1 

21 

.00000 

.515^ 

.iOOOOtOi 

2 

1 

25 

.00000 

.18643*<M 

.20000*01 

3 

3 

31 

.00000 

.24809-02 

.11000*16 

4 

4 

32 

.00000 

,4^-01 

,11000*16 

5 

5 

36 

.00000 

,16682-01 

.11000*16 

A 

A 

37 

.00000 

.17256-02 

.11000*16 

7 

7 

38 

.00000 

.53304-02 

.11000*16 

8 

8 

39 

.00000 

.19269-01 

.11000*16 

9 

1 

22 

.00000 

.51583+00 

.10000*01 

10 

4 

34 

.00000 

.4^-02 

,11000*15 


DESIGN CONSTRAINTS 





GLOBAL 

LONER 


mm 

ID 

VAR. NO. 

BOUND 

VALUE 

SOUND 

1 

1 

.00000 

.28712*00 

.11000+16 

2 

2 

.00000 

.10052*01 

,11000+16 

3 

3 

.00000 

.25130*00 

.11000+16 

4 

4 

.00000 

.15938-02 

.11000+16 

5 

5 

.00000 

.12644*01 

.11000+16 

6 

6 

.00000 

.12644*01 

.11000+16 

7 

7 

.00000 

.99000*02 

.11000+16 

8 

8 

.00000 

.19287-01 

.11000+16 

9 

9 

.00000 

.18898-01 

.11000*16 

10 

10 

.00000 

.30110*00 

.11000+16 

11 

11 

.00000 

.53851+00 

,11000*16 

12 

12 

.10000*00 

.60401+00 

.11000*16 

13 

13 

.00000 

.99000*02 

.11000+16 

14 

14 

.00000 

.20903+01 

.11000+16 

15 

15 

.00000 

.18713-02 

,11000+16 

16 

16 

,00000 

.60375*00 

.11000*16 
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CIGKT/aJNIT PUN AREA) » .01354 


« # # (WGIM OF SM€TY S«fWY « * * 


LOMllNG CASE NO. 


M(X!E 

DESCRIPTION 

1 

2 

3 

1 

SHEAR STIFFICSS 

.287 

.287 


2 

LONGIT. ST1FF«SS 

1.005 

1.005 


3 

SKIN STRENGTH 

.251 

2.265 


4 

STRAIN LIMITATION 

.002 

.324 


5 

L. aANOE STRENGTH 

1.264 

1.929 


6 

R. FLANGE STRENGTH 

1.264 

1.929 


7 

UEB STRENGTH 

99.000 

99.000 


8 

STIF. LOCtt. DUCKLING 

.019 

.927 


9 

SKIN LOCAL BUCKLING 

99.000 

.019 


10 

ROLLING BUCKLING 

.301 

1.514 


11 

TORS. /FLEX. BUCKLING 

.539 

2.665 


12 

EULER BUCKLING 

.604 

1.647 


13 

SKIN/STIF. INTERFACE 

99.000 

99.000 


14 

SKIN LAYUP (LONGIT.) 

2.090 

2.090 


15 

SKIN LAYUP (INTERM.) 

.006 

.006 


16 

SKIN LAYUP (TRANSV.) 

.604 

.604 



MINIMUM MARGIN OF SAFETY = 

,002 


CRITm MODE » 4 



LOADING CASE = 1 



PLY NO. 14 IS CRITm 

ORIENTATION * 90, 

STRAINS mi EPSl - 

.002899 

EPS2 * -.003994 

ALLOH. STRAINS mt EPSl * 

.004500 

EPS2 = .004500 

EPSl = 

-.004000 

EPS2 = -.004000 


4 


EPS12 = 


EPS12 = 


PROGRAM CALLS TO ANALIZ 

me CALLS 
1 1 

2 214 

3 2 


-.002331 

.020000 
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EXAMPLE 3 ^ FIMAL S3EZliK» 

The optimum design produoed in the preceding example requires all 
lamina thicknesses to be rounded to integer multiples of the available ply 
thickness, 0.005 inches in this instance. Some of the thicknesses are 
rounded up and some are rounded down as shown in the new subset and element 
definitions in the following output . A new sizing is performed in which 
only stiffener height and free flange width are varied. The optimum 

achieved is 2.2 percent heavier than that achieved in Example 2. Only 30 
calls to ANALIZ were required in this optimization . The final design is 
shown in Figure 13. The input data are listed on the following pages. The 
output follows the input data listing. 



Figure 13, Optimum l“Stiffened Pone! Final Design 
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IlfW DATA! PAGE 1 


LINE 

NUffiER 1 1 uw iti wwmww ii i i « DATA 


1 ***** Eumi 3 - I-SECTION Fm SIZING ***** 
C. . . . .RECOrai S2 - PROGRM CONTROL PARAICTERS: NCM.C.NDV. IPfPUT 

2 2 2 1 

C..... RECORD S3 - OPTIMIZATION CONTROL INTEGER P<«AMETERS: 

C IPRINT. ITMAX. ICNDIR.NSCM.. ITRM.LIN0BJ,NACHX1 


3 2 20 0 3 0 0 10 

C RECORD S4 - OPTIM. CONTROL FLOATING POINT PWIANETERSs FOCH.FDCHM 

4 0. *00001 

C..... RECORD S5 - OPTIM. CONTROL FLOATING POINT PARATETERS: DELFUN.DABFUN 

5 0. .00001 

C RECORD S6 - BASIC OPTIMIZATION INFORMATION: NDVTOT.IOBJ.SGNOPT 

6 3 51 -1. 

C REPEAT RECORD S7 NDV TINES 

C RECORD S7 - DESIGN VMIIABLE BOUNDS: VLB. VUB 

7 0. 1.0 $U(1) 

8 0. 2.0 $H 

C REPEAT RECORD S8 NDVTOT TINES 

C RECORD S8 - DESIGN VMUABLE IDENTIFICATION: NDSGN.IDSGN.AMULT 

9 1 21 I Nil) 

10 2 25 $ H 

11 1 22 $U(2)=U<1) 

C RECORD S9 - NUMBER OF CONSTRAINT SETS: NCONS 

12 3 


C REPEAT RECORDS SIO AND Sll NCONS TINES 

C RECORD SIO - CONTRIANTS SET IDENTIFICATION: ICON.JCONiKCON 

13 1 11 * CONSTRAINTS 1 - 11 

C. . . . . RECORD Sll - CONSTRAINT SET BOUNDS: BL, BU 


14 

0. 1.E16 


15 

12 12 

♦ CONSTRAINT 12 

16 

0.1 1.E16 


17 

13 16 

% CONSTRAINTS 13 - 16 

18 

0. 1.E16 


C.. 

, . . .RECORD S12 - END OF SIZING DATA 

19 

SIZ 


C.. 

....RECORD A1 - ANW.YSIS CONTROL DATA: IHRITE.NLOADS.NMAT 

20 

0 2 3 


C.. 

....RECORD A2 - GEOMETRY: 

Un}.U(2),N(3I.H(4)iH,BS,XL 

21 

.50 .50 .75 .75 1.8 

6. 20. 


C..... REPEAT RECORDS A3 AND A4 FOR EACH NONZERO PLATE ELENENT 
C..... RECORD A3 - PLATE ELEMENT SYltETRy AND REPEAT INDICATORS: NSYM.NLS.NREP 
22 1 5 $ U<U 

C..... RECORD A4 - PLATE ELEMENT SUBSET IDENTIFICATION NUMBERS: LS 


23 

3 

1 

2 

3 6 


24 

1 

5 



% M(2) 

25 

3 

1 

2 

3 6 


26 

0 

5 



$ H(3) 

27 

5 

1 

6 

-1 3 


28 

0 

5 



$ H(4) 
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PAGE 1 


.LINE 


» 

5 1 i t1 

3 

30 

1 I3 


31 

3 1 l6 


32 

1 # 


33 

8 ''f 4i0 

■ilO ■'# '7 9 m 

C.. 

• » «1^EC{Xi0 1|@ 

miER ?GF lAHINAIE GUBSEfS ID iBE DEF«: IMSUBS 

3# 

10 


C.. 

. .igpEAT mmm m m mm 'wm 

C.. 

...RECORD a - 

»iy 

35 

2 

f SUBSET NO. 1 

C.. 

. . . RECG^ IS? - 

RLY PH001S8: 1PLY 

36 

.005 


C.. 

...RECORD A8- 

• RLY 0R101IAI10NS^^I^ 

37 

45. -45. 


38 

1 

4 SUBSET NO. t 

39 

.030 


40 

0. 


41 

1 

f SUBSET HO. 3 

42 

.005 


43 

90. 


44 

1 

* su^ m . 4 

45 

.0025 


46 

30. 


47 

i 

$ S»®SET m. 5 

48 

.005 


49 

0. 


50 

1 

$ SUB^ RQ. 6 

51 

.015 


52 

0. 


53 

2 

$ SU^ NO. 7 

54 

,005 



45. -45, 


56 

2 

f SUBSET «i. 8 

57 

,005 


58 

45. "45, 


59 

1 

1 S»ET NO . 9 

60 

.®Q 


61 

0. 


62 

1 

1 SUI^ NO. 10 




64 

90. 


C, , , . REWOS A9.010 m All «Ar TIfES 

fCCOf® A9; 

«ATPI«. wm HUMBB?! 1«T 

65 

2 

$ HAIPIC «i. 1 (IRW011QPIC) 


- miPIAL WERTIES^ £"S,G, NUrALPHA'S,ia® 

66 

,iPI& .1641 

E7 . 870E6 .300 .240E-6 .163E-4 .057 

c.. 

...ficafi All 

- lillSRIAL AlijOkWl£S! SSAINS! 0T.OC,9OI»f0C.S 


e STRESS 0T,SC.fOT.9OC,S 
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IWUT data: page 3 


Lire 

NUfiER t iW H t i i H i mmimmin i i DATA i H »t» « Hw i i ii«iimiw tH m M nw 

67 .653E-2 .670E-2 .500E-2 .lOOE-t .133-1. 

68 .133E6 .124E6 .840E4 .164ES .116E6 

69 2 $ MATERIW. NO. 2 (ORTHOROPIC) 

70 .185E8 .164E7 .870E6 .300 .240E-6 .162E-4 .057 

71 ' .980E-2 .1005E-1 .750E-2 .150E-1 .200-1, 

72 .200E6 .186E6 .126E5 .246E5 .174E6 

73 1 % MATERIAL NO. 3 < ISOTROPIC) 

74 .245E6 .943E5 .300 .144E-4 .050 

75 .0257 .122 .0954 6300. 30000. 9000. 

C. . . . .REPEAT RECORDS A12.A13. A14.A15 AND A16 M.OADS TIlCS 

C..... RECORD A12 - ADDITIO)«L «W.YSIS CONTROL DATA: NOPT, ICUW.NOBUCK 

76 1 0 0 $ LOAD CASE NO. 1 (ULTIMATE LOAD) 

C RECORD A13 - LOADS AND ECCENTRICITIES: XN1,XN2,XN3, PRESS. DaT, Da, DELNX 

77 -9000. 0. 900. 0. 0. .001 0. 

C RECORD A14 - )V)TERIM. SPECIFICATION: MATNO 

78 2 2 2 2 3 2 2 2 2 2 

C.....RECCRD A15 - STIFFNESS REQUIREMENTS: GTRE8.ETREQ 

79 .3E6 1.5E6 

C..... RECORD A16 - DESICN STRAIN LIMITATIONS: OT.0C,9OT,90C 

80 .0045 .0040 .0045 .0040 

81 101 i LOAD CASE NO. 2 (LIMIT LOAD) 

82 -6000. 0. 600. 0. 0. .001 0. 

83 11113 11111 

84 .3E6 1.5E6 

85 .0030 .0027 .0030 .0027 

C SKIN LAYUP DESIGN CONSTRAINTS: T)CTAAvSKRAT(l).SKRAT(2).SKRAT(3) 

86 0.0 0.2 0.3 0.05 

C.....RECORD A18 - END OF DATA 

87 END 
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Output for 3 


TITLES 

mt* |»»I>LE 3 - I-SiltllN Pm SI2IM6 ***** 


caim PmiTEPS; 

CAl^liTfW cML> Mt i 2 

wim # iii « i 

iNPii ifWitiTiii plii i«lt « t 


cALftMrm coKm« tiM 

VALUE ¥tmm 

1 simE mYSif 

2 CPTimZATlOK 


* * OPTINIZATIOif iW'ORWflCi 

GLOBAL V<«IABLE HflBER CF OBUICTIVE ^ 5t 

HULTiaiER (TCGATIVE WfCATtS WIKWlZAflONl * -JO0(HOf 

eOWIN PARAt€TE^ f IF IER0V CONttff lEFAOLf HILL OVEMlUl 


IPB OT I TmX' 

iGiiiR 

ITli IINOB. 

J NAOIXl f#DO 

2 20 

0 3 

0 0 

10 0 

FBCH 

FDGHN 

CT 

CTHIN 

.00000 

.lOOOO-M 

.00000 

.OOOOO 

cn 

CTUIIN 

ItTA 

PHI 

.00000 

.mm 

.00000 

.OOOOO 

DELFUN 

mm 

AMX: 

AiOBJl 

.00000 

.imoom 

.oooOo^ 

.00000 

BESIGN WGRMATIOH 




N0THERO MTia VaUE Hia OVfMiDE MOBULl INPUT 


BV Vi 

LONER 

UPPER' 

miTiAL 


NO. 

K)W- 


VALUE 

SEALE' 

I 

.00000 

.10000+01 

.0000# 

.mm 

2 

.00000 

.20000+01' 

.000# 

.mm 


BESiON: VARlABLESi 

Bi V. GLOBAL 

fiiTiaYiNi 

m N0i 

VAR. N0i 

FAr:R 

1 1 

21 

.loooo+Oi 

2 2 

2i 

.10000+01 

3 1 

22 

.10000+01 
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CONSTRAINT INFORNATION 


T^ARE 3 CONSTRAINT SETS 



GLOBAL 

GLOBAL 

LINCMI 

LOUER 

NORNM.IZATION 

ID 

m. 1 

VAR. 2 

ID 

BOUND 

FACTOR 

1 

1 

11 

0 

.00000 

.10000+00 

12 

12 

12 

0 

.10000+00 

.10000+00 

13 

13 

16 

0 

.00000 

.10000+00 


UPPER 

BOUND 

.iiOOOfU 

.11000«16 


TOTAL NUHBER OF CONSTRAINED PfflMCTERS » 16 


• * ESTIMATED DATA STORAGE REQUIROENTS 

REAL INTEGER 

llf>UT EXECUTION AVAILABLE INPUT EXECUTION AVAILABLE 
86 340 5000 59 109 1000 


NQRNALI2ATI0N 
FACTOR 
- .1100(H16 
.11000»16 
.11000fl6 
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♦ § f t f t # * f « t » * « « « f f « « tr* i f f « «,# f,* f t * # f f # » 

f»» EX/mE 3 - I-SECTIOH FII^ SIIIM& *m» 

« ft POSIBUgKip OPENsrSlIFFIplX Opf I8U|t PflNiiS 

f^YSIS AliS; SIZING Ofr OIPSflTP PAN&S M|m OPENtSCPim' 
STiEFEHRS SUBJECTED :TO GENSm INPLfilf- LOADS /MX UMIFOP 
PPSSURE. PANELS: mY BE LOAD@X; INr TXC' PDSJfiUOai)^ RPGpJ 

ft' t ft ft Laip®.:(i^IA?CO|iPY‘ ft^'ft.ft- vPi^ is^:;:ft.f..%*? 


hiOADS=-2' Npi-% NS»-2 'NPI?i?‘D|J 

FLANGE' WIDTHS: Hi s .500 li2; = .500 H3 =• .750 .750; 

SHFPENP HEIGHT » kSOO SneiJiR-SPAOINe « 4.000 PANEL LBtOTH = 20.00 


ELSCNT LAHINATE CCfPIGURATIQNSf 


FLANGE 1 

NSYH? 1 

NLS^ 5': ,NRE^, O' 

subsets: 

3i 1 

.3^ 4. 

FLANGE 2 

NSYN* 1 

MLSS=5. NP??0 

SUBSETS*- 

3 1 

2 3 4 

FU^ 3 

NSYHs 0 

ffcS=- 5-| ,NRlPi? 0’ 

subsets; 

S 1 

4-1 3 

FLANGE 4 

NSYM* 0 

5 0 

subsets: 

5: 'I'. 

•4 -L 3i< 

HER' 

NSYH= 1 

NLSS» 3' MffiP*- 0 

subsets:. 

3 I. 

4. 

SICIN> 

NSV»? 1 

ffcSSS'S' f4®='0:: 

SUKETS: 

8 -8- 

9 10 10 9 


10 


THE FQLLDHI^© U^ifWTE SUBSETS ARE DPI^ps- 


2 PLIES 

aY THICKNESS= 

.00500 

ORIENTATIONS: 

45 -45 

1 PLY 

av THi(ao€ss* 

.03000 

QRIEMTATW : 

0 

1 PLYj 

aY THIOOiSS? 

.00500 

ORIENTATION.: 

90 

1 PLY 

aY THlCKNISSs 

.00250 

ORIENTATION :• 

90 

1 PLY 

aY THIEKNIS^ 

.00500 

ORiaiTATION* : 

0 

t PLY 

aY THICiOi^ 

.01500 

ORI0ITATI0N : 

0 

2:miii 

aY THIC^i^ 

.00500 

ORIENTATIONS: 


2 aiES 

aY TOICKNESS= 

.00500 

ORIENTATIONS: 

45 -45 

1 PLY 

aY THIONiSSs 

.02000 

OBieiTATION : 

0 

1 PLY 

aY THICWCSSs 

.00250 

ORIENTATION : 

m 
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1>€ FOlLtMING WTERIftS m SPECIFIED: 


mTERIflL NO. I 


CODE 


RHO » . 57(HU 


Eli- .185K)8 
E22» .164-K)7 
E33» .164*07 


G12s .870+06 
613= .870+06 
623= .870+06 


MU12= .300+00 
NU13= .300+00 
NU23= .300+00 


flJ>HAl= 

ALi^ 

ALPHA3> 


ALLOWABLE STRAIN m STRESS VALUES: 



0-DEGREE 

0-DEGREE 

90-DEGREE 

90-DEGREE 


TENSION 

eOTPRESS. 

TENSION 

COMPRESS. 

STRAIN 

.653-02 

.670-02 

.500-02 

.100-01 

STRESS 

.133+06 

.124+06 

.840+04 

.164+05 


mTERI/1 NO. 2 CODE = 


RHO s .570-01 


Ell= .185+08 
E22= .164+07 
E33= .164+07 


612= .870+06 
613= .870+06 
62^= .870+06 


NU12= .300+00 
NU13= .300+00 
NU23= .300+00 


ALPWl= 

MJ»HA2= 

ALPHA3= 


^OUABLE STRAIN AND STRESS VM.UES: 



0-DEGREE 

0-DECREE 

90-DEGREE 

90-DEGREE 


TENSION 

COMPRESS. 

TENSION 

COMPRESS. 

STRAIN 

.980-02 

.101-01 

.750-02 

.150-01 

STRESS 

.200+06 

.186+06 

.126+05 

.246+05 


MATERIAL MO. 3 CODE « 


RHO » .500-01 


Ell= .245+06 612= .943+05 
E22= .245+06 613= .943+05 
E33= .245+06 023= .943+05 


NU12= .300+00 «J^1= 
NU13= .300+00 ALPHA2= 
NU23= ,300+00 


«10HABLE STRAIN AND STRESS VaUES: 



0-DEGREE 

0-DEGREE 

90-DEGREE 

90-DEGREE 


TENSION 

COMPRESS. 

TENSION 

COMPRESS. 

STRAIN 

.257-01 

.122+00 

.257-01 

.122+00 

STRESS 

.630+04 

.300+05 

.630+04 

.300+05 


.240-06 

.162-04 

.162-04 


SlEAR 

.133-01 

.116+06 


.240-06 

.162-04 

.162-04 


SHEAR 

.200-01 

.174+06 


.144-04 

.144-04 

.144-04 


.954-01 

.900+04 
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<t >i f « *«§««:§ « :« 

• f » IM a§E !iHBER i «« t 

:# f i « # « « ««*«<•«•» ' f 


«iPi I I0JBP 'NCiwaf * i 

1S0»»::# « Wf ,*# » 0 


miED lOfiDS (IIBIMIIIT IK * -9900. NY = #. WT * J00, 

PRESSURE** J0 ^WP0ii^'‘®fFF. * 

INITIAL E(^. /LENGTH « .MO mm L@i) mm. » .00^ 


SUB^ MATERIAL SPECIFICATION! 

SUB^ I IWIERIALN0. 2 
SUBSET 2 NATESIOL NO, 2 

SUBSET 3 MATERIAL NO. 2 

SUBSET 4 WTERIAL MD. 2 

SUBSET 5 MATERIAL NO, 3 

SliSET 6 MATERIAL :N0, 2 

SUBSET 7 mTERIAL NO. 2 

SUBSET 8 MATERIAL NO, 2 

SUBSET 9 MATERIK. N0. 2 

SUBSET 10 MATERI/L NO. 2 


BE9UIRED SICAR STIFFNESS, SIRIfi * .3000*96 
REQUIRED AXIAL STIFilE^, ETRE8 * .1500*07 

STRAIN LIMITATIONS IN SKIM IMBiRANE Olit) 

0-DEG. T0«I0N 0-DEG. TPHISS. I^^DIG. IQJSIiN fO^IEO. COMPRESS. 
.0045 *00# .0045 . 0040 
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#««*#«*« •«•««•«# 

• t • LOAD CASE NUMBER 2 * • • 


NOPT s I ICLAIP » 0 NOBUCK » 1 

ISEP = 0 NPX »0 >PY aO NSEP =0 

APPLIED LOADS (FORCE/UNIT WIDTH)! NX * -6000. NY = 

TDfERATURE DIFF. a 
AXIM. LOAD ECCEN. a 


PRESSURE a ,00 
INITIW. ECCEN. /LENGTH » .0010 


SUBSET MATERIM. SPECIFICATION! 


SUBSET 1 
SUBSET 2 
SUBSET 3 
SUBSET 4 
SUBSET 5 
SUBSET 6 
SUBSET 7 
SUBSET 8 
SUBSET 9 
SUBSET 10 


NATERIM. NO. 1 
liATERIM. NO. 1 
IttTERIALNO. 1 
MTERIM, NO. 1 
MATERIAL NO. 3 
MATERIAL NO. 1 
MATERIAL NO. 1 
MATERIAL NO. 1 
MATERIAL NO. 1 
MATERIAL NO. 1 


REQUIRED SHEAR STIFFNESS, GTREQ = .3000+06 
REQUIRED AXI«. STIFFNESS, ETREQ = .1500+07 

STRAIN LIMITATIONS IN SKIN (MEMBRAfC OHY) 

0-DE6. TENSION 0-IEG. COMPRESS. 90-DE6. TENSION 
.0030 .0027 .0030 


SKIN LAYUP DESION CONSTRAINTS - THETAA = .0 

SKRAT(l) SKRAT(2) SKRATO) 

.200 .300 .050 


0. NXY a 600. 

0 . 

.0000 


90-DEG. COJffRESS. 
.0027 
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liJGHW«JlllT «ift» * .MW 


t i ♦ HfiReilf iF SfiFW s«li^¥ *** 


NOH' 

DESERlPTlIVr 

i . 

2 

1 

SHEAR 

m 

.357 

2 

llNOll. STIFFJCSS 

1.011 


3 

SKIN strength 

.m 

2.3© 

f 

STRAIN UWTATION 

.055 

.353 

5 

L. mm $tren6th 

1.334 

1.959 

6 

R. FLANGE STRENGTH 

1.334 

1.959 

7 

MED STI$NGTH 

99.000 

99.000 

8 

STiF. LOCAL BUCKLING 

.093 

1.001 

9 

SKIN Lim buckling 

99.000 

.109 

10 

ROLLING BUCKLING 

.314 

1.484 

11 

TORS. /FLEX. BUCKLING 

.633 

2.984 

12 

EULER BUCKLING 

.515 

1.493 

13 

SKIN/STIF. INTERFACE 

99.000 

99.000 

14 

SKIN LAYUP (LONOIT.) 

2.077 

2.077 

15 

SKIN LAYUP (INTERN. ) 

.026 

.026 

16 

SKIN LAYUP ITRANSV.) 

.538 

.5© 


HINIMUM ««(5iN OF SAF6TY = .026 

CRITm l«DF ** 15 
LOADING CASE * 1 

REQUIRED ZGNE(2) SKIM MATERIAL PROPORTION ^ .300 


INITIAL FUNOTIGN FORMATION 

0BJ= .139087*01 

DECISION V«?IABLE8 <X-VECTOR) 

1) .50000+00 .18000+01 

GONSTRAIMT VALUES (G-VECTDR) 

1) -.35700«)1 -.10515+02 *.33847+01 *.54581+00 ■‘.13341+02 -.1^1+02 

7) -.99000+03 -.92529+00 -.10857+01 -.31363+01 -.63267+01 -.41492+01 

13) -.99mm -.20769+02 -‘.25641+00 -.53846+01 
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ITER a 1 08J a 


13748-01 


CECISION VMIABLES (X-VECTOR) 

1) .46150f00 .lfc848+01 

CONSTRAINT VM.UES (G-VECTOR) 

1) -.35700+01 -.10275+02 -.26545+01 -.34384-02 -.10575+02 

7) -.99000+03 -.18042+01 -.93096+00 -.38181+01 -.23657+01 

13) -.99000+03 -.20769+02 -.25641+00 -.53846+01 


ITER * 2 OBJ a .13713-01 

DECISION VARIABLES (X-VECTOR) 

1) .42391+00 .17864+01 

CONSTRAINT VW.UES (G-VECTOR) 

1) -.35700+01 -.10200+02 -.28048+01 -.11957+00 -.11355+02 

7) -.99000+03 -.46143+00 -.89521+00 -.24435+01 .00000 

13) -.99000+03 -.20769+02 -.25641+00 -.53846+01 


ITER* 3 OBJ a .13702-01 

DECISION VARIABLES (X-VECTOR) 

1) .43115+00 .17351+01 

CONSTRAINT VW.UES (G-VECTOR) 

1) -.35700+01 -.10191+02 -.26510+01 -.27281-02 -.10669+02 

7) -.99000+03 -.99854+00 -.88473+00 -.30086+01 -.24415+00 

13) -.99000+03 -.20769+02 -.25641+00 -.53846+01 


ITER a 4 OBJ * .13698-01 

DECISION V(«IABLES (X-VECTOR) 

1) .42700+00 .17470+01 

CONSTRAINT VALUES (G-VECTOR) 

1) -.35700+01 -.10183+02 -.26708+01 -.18014-01 -.10769+02 

7) -.99000+03 -.85205+00 -.88118+00 -.28559+01 -.19372-05 

13) -.99000+03 -.20769+02 -.25641+00 -.53846+01 


-.10575+02 

-.20874+01 


-.11355+02 

-.29779+01 


-.10669+02 

-.23822+01 


-.10769+02 

-.24874+01 
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ITER * S (»J » ,13W8-^ «0 IR mj 

DECISBIN ViWIAeLES (X‘VECTflR» 

1) a27o6*oo .mimi 


CONStRftM VRlM 

1) “.15701^1 -.»T#«92 -.ttfifWl -.10769^02 -.107i9»02 

7) -MiMO -.28559^1 -.19372-05 -.24874+01 

13) -,mm^ -.20769^ -.25841+06 -.53844+01 


tTSl= % OW * .13498-01 ib OWildE 

lECISION VfiRlABtES «-VECTOR) 
t) .42700+00 vlTilTOiOil 

CCNSTRAIRT VftLUES (fr^TflR) 


1) 

-.35700+01 

-.10183+02 

-.24708#1 

-.18014-01 

-.10749+02 

-.10749+02 

7) 

-.99000+03 

-.85205+00 

-.^118+00 

-.2^59+01 

-.19372-05 

-.24874+01 

13) 

-.99000+03 

-.20749+02 

-.'25411+00 

-.53844+01 
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Fm CPTIHIZATION INFORmTION 


0W» .13698?^)1 

DECISION VARIABLES <X-\€CT(]R} 

II .42700400 .17470401 


; 

i 


CONSTRAINT VALUES IC-VECTORI 
1) -.35700+01 -.10183+02 

7) -.99000+03 -.85205+00 

13) -.99000+03 -.20769+02 


-.26708+01 -.18014-01 -.10769+02 . 

-.88118+00 -.28559+01 -.19372-05 

-.25641+00 -.53846+01 


TI€RE 2 ACTIVE CONSTRAINTS 
CONSTRAINT NUNBERS 

4 11 


TICRE fiP£ 0 VIOLATED CONSTRAINTS 


TI£RE 0 ACTIVE SIDE CONSTRAINTS 


TERMINATION CRITERION 

ABS(OBJm-OBJ(I-l)l LESS THMI DABFUM FOR 3 ITERATIONS 


NUMBER OF ITERATIONS s 6 

OBJECTIVE FUNCTION UAS EVALUATED 26 TIIES 

CONSTRAINT FUNCTIONS WERE EVALUATED 26 TlltS 


-.10769+02 

-.24874+01 
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OPTIMIZATIW f«8t^ 


Cffl^CTIVE FUNCTION 

OL08M. LOCATION 51 FUNCTION V».UE vl3698-^l 


DESIGN V/VIIABIES 


D. V. 
ID NO. 

OLOBM. 
VAR. NO* 

LINER 

BOUIffi 

V^UE 

UPPER 

BOUND 

1 1 

21 

.00100 

.42700+00 

.10000+01 

2 2 

25 

.00000 

.17470+01 

.20000+01 

3 1 

22 

.00000 

.42700+00 

.10000+01 


DESION C04STRAINTS 


ID 

GLOBAL 
VAR. NO. 

LONER 

BOUND 

VALUE 

UPP® 

BOUND 

1 

1 

.00000 

.35700+00 

. 11000+16 

2 

2 

.00000 

.10183+01 

.11000+16 

3 

3 

.00000 

.26708+00 

.11000+16 

4 

4 

.00000 

.18014-02 

.11000+16 

5 

5 

.00000 

.10769+01 

.11000+16 

6 

6 

.00000 

.10769+01 

.11000+16 

7 

7 

.00000 

.99000+02 

.11000+16 

8 

8 

.00000 

.85205-01 

.11000+16 

9 

9 

.00000 

.88118-01 

.11000+16 

10 

10 

.00000 

.28559+00 

.11000+16 

11 

11 

.00000 

.00000 

.11000+16 

12 

12 

.10000+00 

.34874+00 

.11000+16 

13 

13 

.00000 

.99000+02 

.11000+16 

14 

14 

.00000 

.20769+01 

.11000+16 

15 

15 

.00000 

.25641-01 

.11000+16 

16 

li 

.00000 

.53846+00 

.11000+16 
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ICIGHT/(U<IT njW AREA) » .01370 


» » * HARGIH OF StfETY SWfWRY # * » 

LOADING CASE m 


MODE 

DESCRIPTION 

1 

2 

1 

SHEAR STIFFNESS 

.357 

.357 

2 

LONGIT. STIFFNESS 

1.018 

1.018 

3 

SKIN STRENGTH 

.267 

2.263 

4 

STRAIN LIMITATION 

.002 

.327 

5 

L. FLANGE STRENGTH 

1.077 

1.807 

6 

R. FLANGE STRENGTH 

1.077 

1.807 

7 

UEB STRENGTH 

99.000 

99.000 

8 

STIF. LOOM. BUCKLING 

.085 

1.059 

9 

SKIN LOC^ BUCKLING 

99.000 

.088 

10 

ROLLING BUCKLING 

.286 

1.580 

11 

TORS./FLEX. BUCKLING 

.000 

2.147 

12 

EULER BUCKLING 

.349 

1.213 

13 

SKIN/STIF. INTERFACE 

99.000 

99.000 

14 

SKIN LAYUP (LONGIT.) 

2.077 

2.077 

15 

SKIN LAYUP (IMTERH.) 

.026 

.026 

16 

SKIN LAYUP (TRANSV.) 

.538 

.538 


HINIUJH MARGIN OF SAFETY = .000 

CRITICAL MODE = 11 
LOADING CASE - 1 

STIFFEfCR LOAD = -24426. TORSIONAL/FLEX. BUCKLING LOAD = -24426. 


PR0GRW1 CALLS TO ANALIZ 

ICALC CALLS 
1 1 

2 27 

3 2 
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EXAMPLE tt - FINAL ANALYSIS 


The final design produced in the previous example is analyzed with 
IWBITi = 1 to obtain a complete listing of the analysis data, fo this case 
a sKin /stiffener interface stress analysis is performed* Tha interface 
stresses are shown in the output for Mode 13, pass 1 (positiye eccentri- 
city), load case 1, The critical stress is the longitudinal/normal shear 
stress at the flange edge and the buckling wave nodal line. The allowable 
shear stress used in this example yields a large negative margin of safety 
for this mode . Assuming the interface allowable stresses are correct and 
the point-stress failure criterion is appropriate , positive attacliment of 
the stiffener would be required in order to achieve the computed postbuckl-: 
ing behavior of the skin . 
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LI« 

NUMBER 


I»PUr DATA: PAGE 1 



1 ***** EXAffLE 4 - I-SEaiCN FINAL tfttLYSIS ***** 

C RECORD S2 - PROGRM CONTROL PMVYCTERS: NCM.C,NDV,IPNPl/T 

2 10 2 

C RECORD S12 - EM) OF SIZING DATA 

3 SIZ 

C RECORD A1 > mYSIS CONTROL DATA: INRITE. M.0A0S.M1AT 

4 12 3 

C RECORD A2 - GEOMETRY: H(1),W(2),H(3).H(4).H.BS.XL 

5 .427 . 427 .75 .75 1.747 6. 20. 

C REPEAT RECORDS A3 AND A4 FOR EACH NONZERO PLATE aENENT 

C RECORD A3 - PLATE ELEICNT SYMCTRY AND REPEAT INDICATORS: NSYM.HS.NREP 

6 15 $ U(l) 

C..... RECORD A4 - PLATE ELE!€NT SUBSET IDENTIFICATION NUMBERS: LS 

7 3 1 2 3 6 

8 1 5 IH(2) 

9 3 1 2 3 6 

10 0 5 % H(3) 

11 5 16-13 

12 0 5 $H(4) 

13 5 1 6 -1 3 

14 1 3 $ H. WEB 

15 3 1 6 

16 1 9 $ BS. SKIN 

17 8 -8 9 10 10 9 7 9 10 

C RECORD A5 - NUMBER OF LAMUWTE SUBSETS TO BE DEFItO: NSUBS 

18 10 

C REPEAT RECORDS A6.A7 W® A8 NSUBS TIMES 

C RECORD A6 - NUMBER OF PLIES: NPLY 

19 2 $ SUBSET NO. 1 

C RECORD A7 - PLY THICKNESS: TPLY 

20 .005 

C RECORD A8 - PLY ORIENTATIONS: THETA 

21 45. -45. 

1 i SUBSET NO. 2 

.030 

0 . 

1 i SUBSET NO. 3 

.005 
90. 

1 i SUBSET NO. 4 

.0025 
90. 

1 $ SUBSET NO. 5 

.005 

0 . 

1 % SUBSET NO. 6 

.015 

0 . 
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LIKE 

NUWER 


IW>UT DfiTA! Pm 2 


DATA 


37 

2 

% SUBSET NO. 7 

38 

.005 


39 

45. -45, 


40 

2 

$ SUBSET NO. 8 

41 

.005 


42 

45. -45. 


43 

1 

$ SUBSET NO. 9 

44 

.020 


45 

0. 


46 

1 

$ SUBSET NO, K 

47 

.0025 


48 

90. 



C.... .REPEAT RECCRDS A9,A10 AND Ail ftMT TI«S 
C..... RECORD A9! l«TERi;i CODE NUHBER: fWT 

49 2 $ IWTERIAL NO. 1 (GRTHOTROPIC) 

C RECORD AlO - MATERIAL PROPERTIES: E'S,G.NU>ALPHA'S,RHO 

50 .185E8 .1ME7 . 870E6 . 300 . 240E-A .162E-4 .057 

C RECORD All - MATERIAL ALLOWABLES: STRAINS: 0T,0C,90t,90C,8 

C STRES^Ss 0T,0C.9GT,90C»S 

51 .653E-2 .670E-2 .500E-2 .lGOE-1 .133-1, 

52 .133E6 .124E6 .840E4 .1S4E5 .11616 

53 2 i MATERIAL NO. 2 (ORTHORQPIC) 

54 .185E8 .164E7 .870E6 .300 .240E-6 .162E-4 .057 

55 .980E-2 .1005E-1 .750E-2 .150E-1 .200-1, 

56 .200E6 .186E6 .126E5 .246E5 .174E6 

57 I $ MATERIAL NO. 3 (ISOTROPIC) 

58 .245E6 .943E5 .300 .144E-4 .050 

59 .0257 .122 .0954 6300. 30000. 9000. 

C REPEAT RECORDS A12,A13,A14,A15 AND A16 NLOADS TIMES 

e RECORD A12 - ADDlTHm tflALYSiS CONTROL DATA: M0PT,ICli«P,NOBUeK,ISEP,)PX 

60 1 0 0 1 2 21 $ LOAD CASE NO. 1 laTIMATE LOAD) 

C.... .RECORD A13 - LOADS Mffl ECCBlTRIClTIES: XNl,XN2,XN3,PRESS,DaT,i]a,DaHX 

61 -9000. 0. 900. 0. 0. ,001 0. 

C..... RECORD A14 - MATERIAL SPECIFICATION: MATNO 

62 2 2 2 2 3 2 2 2 2 2 

C RECORD A15 - STIFFTCSS REQU1REM0(TS: GTREe,ETRE8 

63 .3E6 1.5E6 

C.....FECORD A16 - DESIGN STRAIN LIMITATIONS: 0T,0C,9OT,90C 

64 .0045 .0040 .0045 .0040 

65 1 0 1 $ LOAD (y)SE NO. 2 (LIMIT LOA^^^ 

66 -6000. 0. 600. 0. 0. .OOl 0. 

67 1 1 1 13 11 1 1 1 

68 .3E6 1.H6 

69 .0030 .0027 .0030 .0027 

G.....SKIM LAVUP DESIGN CONSTRAINTS: TMETAA,SKRAT(1),#W(2),9^ 

70 0.0 0.2 0.3 0.05 

C..... RECORD A18 - END OF DATA 

71 END 
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Output for Example 4. 

§*§§*•#«###*§**♦♦**•»*•♦*♦»**••*•***•• 
***** EXWfLE 4 - 1-SECnON FINAL ANALYSIS ***** 
§§§*§•*»«##»§♦**♦»••**•«*♦•*••******** 

*««§«§#*§«•* 

« « • P 0 S T 0 P * * • 

# # « # POSTBUCKLED OPEN-STIFFENED OPTIHUN PA^aS **** 

mVSIS SIZINB OF COMPOSITE PANaS HITH OPEN-SECTION 
STIFFENERS SUBJECTED TO GENERAL INPLAIC LOW)S AND UNIFORH 
PRESSURE. PANELS MAY BE LOADED IN THE POSTBUCKLINO RANGE. 

# » » f LOCKHEED GEORGIA COMPANY * * * JUNE 1983 f » * » 


IWRITE = 1 HOADS = 2 M1AT = 3 NSTMX « 2 NITER =12 M1AX = 0 

FLANGE WIDTHS! HI = .427 H2 = .427 U3 = .750 H4 = .750 
STIFFENER HEIGHT = 1.747 STIFFENER SPACING = 6.000 PANEL LENGTH = 20.00 


ElIMENT URINATE CONFIGLRATIONS! 


FLANGE 1 

NSY«= 1 

HSS= 5 

NREP= 0 

SUBSETS! 

3 

1 

2 3 

6 

FLANGE 2 

NSYH= 1 

HSS= 5 

NREP= 0 

SUBSETS! 

3 

1 

2 3 

6 

FLANGE 3 

NSYM= 0 

NLSS= 5 

NREP= 0 

SUBSETS! 

5 

1 

6 -1 

3 

FLANGE 4 

NSYM= 0 

NLSS= 5 

NREP= 0 

SUBSETS! 

5 

1 

6 -1 

3 

HEB 

NSYtt* 1 

NLSS= 3 

l«EP= 0 

SUBSETS! 

3 

I 

6 


SKIN 

NSYM= 1 

NL^ 9 

r«Bp= 0 

SUBSETS! 

8 

-8 

9 10 

10 


10 


TIC F0LL0HIN6 LAMINATE SUBSETS ARE DEFINED: 


1 

2 PLIES 

PLY THICKNESS* 

.00500 

ORIENTATIONS 

45 -45 

2 

1 PLY 

PLY THICW£SS= 

.03000 

ORIENTATION 

0 

3 

1 PLY 

PLY THICWCSS* 

.00500 

ORIENTATION 

90 

4 

1 PLY 

PLY THICWCSS* 

.00250 

ORIENTATION 

90 

5 

1 PLY 

PLY THIC»CSS= 

.00500 

ORIENTATION 

0 

6 

1 PLY 

PLY THICKHSS* 

.01500 

ORIENTATION 

0 

7 

2 PLIES 

PLY THICKICSS* 

.00500 

ORIENTATIONS 

45 -45 

8 

2 PLIES 

PLY THICWCSS* 

.00500 

ORIENTATIONS 

45 -45 

9 

1 PLY 

PLY THICKfCSS= 

.02000 

ORIENTATION 

0 

10 

1 PLY 

PLY THICWCSS* 

.00250 

ORIENTATION 

90 


79 


m FOKMiNs mmms m specific 


HATERIC MQ. 1 C0lf # 2 IHH » .^N>1 

eii=4S5*«» m^.mm m>.mm 

E22» .imu 013» .870+06 11112** .lOO+OO Mmm .llisOI 

E3> .164+07 022» .870+06 mm ,Wm 46^04 

ALLOUABtJ P^Ill STI£S^ 



0-DECfiEE 

TENSION 

0-DEtSREE 

COMPRESS. 

90-DE0Rffi 

TENSION 

90-OeiR^ 

COtfRESS. 


STRAIN 

.653-02 

.670-02 

.500-02 

400-01 

.I3M( 

STRESS 

.133*06 

.124+06 

.840+04 

.164+# 

4U^ 


MATERIAL NO. 2 

CODE* 2 

RHP * .570-01 


Ell* .185+08 

612* .870+06 

NU12* .300+00 

ALPHAI* .240-06 

E22» .164+07 

613= .870+06 

NU13* .300+00 

«J»HA2* .162-04 

£33= .164+07 

G23* .870+06 

HU23* .300+00 

ALPHAS* .162 04 


0LL0WfiBLE STRAIN m STRESS V«.UES! 



0-DECREE 

TENSION 

0-DECREE 

CGMFRESS. 

90-DEQ«E 

TENSION 

90-DECREE 

COMPRESS. 

mm 

STRAIN 

.980-02 

.101-01 

.750-02 

.150-01 

.200-01 

STRESS 

,200+06 

.186+06 

.126*05 

.246+05 

.174+06 


MATERIAL NO. 3 CODE ** 1 RHP - .500-01 

£11* .245+06 ei2* .943+05 NU12* .300+00 ALPHAI* .144-^ 
E22* .245+06 013= .943+<» NW3* .300+00 ALPW2* .144'04 
E33* .245+06 623= .943+05 NU23= .300*00 ALPHA3* .144-04 


ALLONABLE STRAIN m STRESS VALUES: 



0-DEGREE 

TENSION 

0-DECREE 

CCtPRESS. 

90-DECREE 

TENSION 

90-DeCREE 

CCtPRESS. 

SHEAR 

>6 

STRAIN 

STRESS 

.:257-!01 

.630*04 

.1^+00 

.300+05 

.257-01 

.630*04 

.122+00 

.300*05 

.954-01 

.900+04 




f i t « « * 1 1 i « f t » « « * 

• » t load CASE NUMBER l # t # 

« » ft » » f t t t t i t » t f « 


NOPT > 1 lO/^ > 0 NC»UCK > 0 

ISEP » i «>X s 2 m *21 MSEP -10 

APPLIED LOADS (FCRCE/UNIT WIDTH)* NX = -9000. NT * 
PRESSURE » . 00 

INITIAL ECCEN. /LENGTH » .0010 


TEJffERATURE DIFF. » 
AXIM. LOAD ECCEN. = 


SUBSET MATERIAL SPECIFICATION* 

SUBSET 1 MATERIflNO. 2 

SUBSET 2 miERIM. MO. 2 

SUBSET 3 MATERKI NO. 2 

SUBSET 4 11ATERI/1N0. 2 

SUBSET 5 WTERIAL NO. 3 

SUBSET 6 HATERIM.no. 2 

SUBSET 7 fWTERIAL NO. 2 

SUBSET 8 MATERIM. MO. 2 

SUBSET 9 MATERIM. MO. 2 

SUBSET 10 miERIAL NO. 2 


REQUIRED SJCMI STIFF)E8S, GTREQ » .3000+06 
REQUIRED AXIM. STIFBCSS, ETREQ = .1500+07 


STRAIN LIMITATIONS IN SKIN (HDffiRANE OILS) 

0-DEG. TENSION 0-DE6. COTfRESS. 90-DEG. TENSION 
.0045 .0040 .0045 


0. NXY » 900. 

0 . 

.0000 


90-DEG. COMPRESS. 
.0040 
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t f » * f « f • t • f 1 1 1 1 f 

* * « LOAD Cftse NUHtel 2 » i # 

« * f •«««*« f « » « « i « 


HOPT « i icuw » 0 iroa«k * i 

ISEP» 0 IPX * 0 W>Y *0 lisiP » o 


APPLIB) LOADS (FCReE/OHIT WIDTH)* 

PRES9JRE * ,00 

INITIAL EdCEN. /LENGTH * .0010 


l« » -6000. NT * 0, NXY = 

TEMPi^TORE DIF. » 0. 

AXIAL LOAD €€<SN. » .0000 


600. 


SUBSET MATERIAL SPECIFICATION* 


SUBSET 1 
SUBSET 2 
SUBSET 3 
SUBSET 4 
SUB^ 5 
SUBSET 6 
SUBSET 7 
SUBSET 0 
SUBSET 9 
SUBSET 10 


MATERIAL NO. 
miERIAL NO. 
MATERIAL NO. 
HATERifl NO. 
IWTERIAL NO. 
MATERIAL NO. 
MATERIA. NO. 
MATERIAL NO. 
MATERIAL NO. 
MATERIAL NO. 


1 

1 

1 

1 

3 

1 

1 

1 

i 

1 


REQUIRED SltAR STIFFfCSS, GTREQ = .3000*06 
REQUIRED AXIW. STIFHESS, ETREQ = .1500+07 

STRAIN LIMITATIONS IN SKIN OM.Y) 

0-DEG. TENSION 0-DEG. COMPffiSS. 90-DEG. TENSION 9O-0EG. COMPRESS. 
.0030 .0027 .0030 .0027 


MIN LAYUP DESIGN TBiSTRAlNTS THETAA * .0 

SKRATU) SKRAT(2) MRAT<3) 

.200 .300 .050 
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« i • « i f i i f f • f i « f f 

# * • LOAD CASE NUMBER I * * ♦ 

«•!«#*« 

STIFFEICR PROPERTIES 

EA= .3147*07 EIYY» .1464+07 EIYZ = .0000 EIZZ = .1985*06 

6J = .1774*04 YST » .000 ZST = 1.201 

SKIN STIFRESSES PER UNIT UIDTH 



A-MATRIX 



D-HATRIX 


2634*07 

.3342*06 

.0000 

.6987*04 

.1584*04 

.1593*02 

3342*06 

.8497*06 

.0000 

.1584*04 

.3002*04 

.1593*02 

0000 

.0000 

.4071*06 

.1593*02 

.1593*02 

.1815*04 


* * ♦ MODE = 1 SHEAR STIFRC8S W«6IN OF SAFETY = .357 

UNBUCKLED GT - .4071*06 REQUIRED GT » .3000*06 

* * » MODE = 2 LONGIT. STIFFNESS MARGIN OF SAFETY = 1.018 

UNBUCKLED ET = .3027*07 REQUIRED ET = .1500+07 

UNBLICKLED SKIN/STIFFEJCR PROPERTIES 

EAS= .1816*08 EIS ® .5256+07 ZBR s .208 EULER * -79657. 

* » * PASS l: BOW ECCENTRICITY * .0200 * * * 
SKIN/STIFFENER BENDING MOf©fTS 

PRESSURE: XMP = .0000 BOH ECCEN.: XfC * .4177*04 

LOAD ECCEN.: XW = .0000 TOTAL: XMOH = .4177+04 

POSTBUCKLED SKIN PARAMETERS 

XNSTAR= 5370.65 EPSTAR= .002146 

ALPHA D M F/EPSTAR XNX EPSl/ EPS2/ EPS12/ 

EPSTAR EPSTAR EPSTAR 
1.00 .810 .128 1.177 -1.380 -1.856 -.054 1.153 
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mmm itmm sf iffwss mm 


All A12 

A22 

A66 

4990 -.1191 

.2231 

.1456 


BUCKL® SKIN/STIFFENER PRUPSWlES 

EAS* .1451+08 EIS * .5044+07 IBft » .264 

EAT* .9641+07 Ell* ,4560+07 0JtlR * -72831. 


t t f NOtiS * 5 AND 4 SKIN lSaMEO 

SKIN LOAD XlJSK * -7410.28 XNCR * ^5467.81 EPSICR = -.002185 


LOCATION 1 


TOTAL STRAINS IN DIRECTION OF LANINA PRINCIPAL AXES 


PLY 

ORIEN- 

* ♦ # STRAINS ♦ 

NO. 

TATION 

EPSl 

EP82 

1 

45. 

.3144-02 

-.8066-02 

2 

-45. 

-.7797-02 

.2939-02 

3 

-45. 

-.7528-02 

.2735-02 

4 

45. 

.2531-02 

-.72^02 

5 

0. 

-.4049-02 

-.5167-03 

6 

90. 

-.3800-03 

-.4039-02 

7 

90. 

-.3496-03 

-.4037-02 

8 

0. 

-.4028-02 

-.2128-03 

9 

45. 

.4871-^3 

-.4566-02 

10 

-45. 

-.4296-02 

.2827-03 

11 

0. 

-.4003-02 

.1518-03 

12 

90. 

.2886-03 

-.3994-02 

13 

90. 

.3190-03 

-.3992-02 

14 

0. 

-.3982-02 

.4557-03 

15 

-45. 

-.1603-02 

-.1761^2 

16 

45. 

-.1965-02 

-.1334-02 

17 

0. 

-.3958-02 

.8204-03 

18 

90. 

.9571-03 

-.3948-02 

19 

90. 

.9875^3 

-.3946-02 

20 

0. 

-.3937^2 

.1124^ 

21 

m. 

-.4009^)2 

.1359-02 

n 

-45, 

.1628-02 

-.4213-02 

23 

- 45 . 

.1897-02 

-.4418-02 

24 

45, 

-.4622-^ 

.2166-02 


i* STRAIN RATfOS 

EPS12 


.3221-02 

.321 

.538 

.161 

-.3277-02 

.776 

,392 

.164 

-.3334-02 

.749 

.365 

.167 

.3390-02 

.258 

ASIA 

.170 

.8605-02 

.403 

.034 

.430 

-.7539-02 

,038 

.269 

.377 

-.7303-02 

.035 

.269 

.365 

.6237-02 

.401 

.014 

.312 

.3957-02 

.050 

.304 

.198 

-.4013-02 

.427 

,038 

,201 

.3395-02 

a vTv 

.020 

.170 

-.2329-02 

.029 

.266 

.116 

-.2092-02 

.0^ 

.266 

.105 

.1027-02 

.396 

.061 

.051 

-.4580-02 

.160 

.117 

.229 

.4636-02 

.196 

.089 

.232 

-.1815-02 

.394 

.109 

.091 

.2881-02 

.098 

.263 

.144 

.3118-02 

.101 

.263 

.156 

-.4184-02 

.392 

.150 

.209 

.5203-02 

.399 

.181 

.260 

-.5259-02 

.166 

.281 

.263 

-.5316-02 

.194 

.295 

.266 

.5373-02 

.460 

.289 

.269 
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leiERMC STRAINS IN BIRECTION (F imim PRINCIPAL AXES 


PLY 

ORIEN- 

♦ * * STRAINS * * * 

STRAIN RATIOS 

NO. 

TATION 

EFSl 

EPS2 

EPS12 




1 

45. 

-.7392-03 

-.2950-02 

.4297-02 

.185 

.737 

.215 

2 

-45. 

-.2950-02 


-.4297-02 

.737 

.185 

.215 

3 

-45. 

-.2950-02 

-.7392-03 

-.4297-02 

.737 

.185 

■ .215 

4 

45. 

-.7392-03 

-.2950-02 

.4297-02 

.185 

.737 

.215 

5 

0. 

-.3993-02 

.3038-03 

.2211-02 

.998 

.068 

.111 

6 

90. 

.3038-03 

-.3993-02 

-.2211-02 

.048 

.998 

.111 

7 

90. 

.3038-03 

-.3993-02 

-.2211-02 

.068 

.998 

.111 

8 

0. 

-.3993-02 

.3038-03 

.2211-02 

.998 

.068 

.111 

9 

45. 

-.7392-03 

-.2950-02 

.4297-02 

.185 

.737 

.215 

10 

-45. 

-.2950-02 

-.7392-03 

-.4297-02 

.737 

.185 

.215 

11 

0. 

-.3993-02 

.3038-03 

.2211-02 

.998 

.068 

.111 

12 

90. 

.3038-03 

-.3993-02 

-.2211-02 

.068 

.998 

.111 

LOCATION 2 








TOTAL STRAINS IN DIRECTION OF LANIW PRINCIPM. AXES 


PLY 

ORIEN- 

« • 

• STRAINS * * * 

STRAIN RATIOS 

NO. 

TATION 

EPSl 

EPS2 

EPS12 




1 

45. 

.4844-03 

-.1726-02 

.6901-02 

.049 

.115 

.345 

2 

-45. 

-.1724-02 

.4864-03 

-.6897-02 

.172 

.065 

.345 

3 

-45. 

-.1722-02 

.4885-03 

-.6893-02 

.171 

.065 

.345 

4 

45. 

.4906-03 

-.1720-02 

.6889-02 

.050 

.115 


5 

0. 

-.4049-02 

.2829-02 

.2211-02 

.403 

.377 

.111 

6 

90. 

.2829-02 

-.4039-02 

-.2211-02 

.289 

.269 

.111 

7 

90. 

.2829-02 

-.4037-02 

-.2211-02 

.289 

.269 

.111 

8 

0. 

-.4028-02 

.2829-02 

.2211-02 

.401 

.377 

.111 

9 

45. 

.5113-03 

-.1699-02 

.6847-02 

.052 

.113 

.342 

10 

-45. 

-.1697-02 

.5133-03 

-.6843-02 

.169 

.068 

.342 

11 

0. 

-.4003-02 

.2829-02 

.2211-02 

.398 

.377 

.111 

12 

90. 

.2829-02 

-.3994-02 

-.2211-02 

.289 

.266 

.111 

13 

90. 

.2829-02 

-.3992-02 

-.2211-02 

.289 

.266 

.111 

14 

0. 

-.3982-02 

.2829-02 

.2211-02 

.396 

.377 

.111 

15 

-45. 

-.1677-02 

.5340-03 

-.6802-02 

.167 

.071 

.340 

16 

45. 

.5361-03 

-.1675-02 

.6797-02 

.055 

.112 

.340 

17 

0. 

-.3958-02 

.2829-02 

.2211-02 

.394 

.377 

.111 

18 

90. 

.2829-02 

-.3948-02 

-.2211-02 

.289 

.263 

.111 

19 

90. 

.2829-02 

-.2946-02 

-.2211-02 

.289 

.263 

.111 

20 

0. 

-.3937-02 

.2829-02 

.2211-02 

.392 

.377 

.111 

21 

45. 

.5568-03 

-.1654-02 

.6756-02 

.057 

.110 

.338 

22 

-45. 

-.1652-02 

.5589-03 

-.6752-02 

.164 

.075 

.338 

23 

-45. 

-.1650-02 

.5610-03 

-.6748-02 

.164 

.075 

.337 

24 

45. 

.5630-03 

-.1648-02 

.6744-02 

.057 

.110 

.337 
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MBffiRAHI IM DIRECTION OF yHINft PRINCIPAL AXES 


PLY 

QRIIN- 

• * ♦ STWIINS * 

« f 

STRAIN RATIOS 

NO, 

TATION 

mi 

EPS2 

EPS12 




1 

45. 

.5237-03 

-.1687-02 

.6822-02 

.116 

.422 

.341 

1 

-45. 

*.1687-02 

,5237-<S 

-.6822-02 

.4^ 

.116 

.341 

t 

-45. 

-.1687-02 

.5237-03 

-.6822-02 

.422 

.116 

.341 

« 

45. 

.5237-03 

-.1687-02 

.6822-02 

.116 

.4^ 

.341 

S 

0. 

-.3993-02 

.2829-02 

.2211-02 

.998 

.629 

.111 

k 

90. 

.2829-02 

-.3993-02 

-.2211-02 

.629 

.998 

.111 

f 

90. 

.2829-02 

-.3993-02 

-.2211-02 

.629 

.998 

.lit 

8 

0. 

-.3993*02 

.2829-02 

.2211-02 

,998 

.629 

.111 

9 

45. 

.5237-03 

-.1687*02 

.6822-02 

.116 

.4^ 

.341 

10 

-45. 

-.1687-02 

.5237-03 

-.6822-02 

.m 

.116 

.341 

11 

0. 

-.395^-02 

.2829-02 

.2211-02 

.998 

.629 

.111 

12 

90. 

.2829-02 

-.3993-02 

-.2211-02 

.629 

.998 

.111 


LOCATION 3 

TOTAL STRAINS IN DIRECTION OF LAMIlllA PRINCIPM, AXES 

PLY ORIEN- * » * STRAINS # f # STRAIN RATIOS 


NO. 

TATION 

EPSl 

EPS2 

FPS12 




1 

45. 

.4736*03 

-.1737-02 

.2788-02 

.048 

.116 

.139 

2 

*45. 

-.1735-02 

.4756-03 

-.2784-02 

.173 

.063 

.139 

3 

-45. 

-.1733-02 

.4777-03 

-.2779-02 

.172 

.064 

.139 

4 

45. 

.4798-03 

-.1731*02 

.2775-02 

.049 

.115 

.139 

5 

0. 

-.2003-02 

.7621-03 

.2211-02 

.199 

.102 

.111 

6 

90. 

.7621-03 

-.1994-02 

-.2211-02 

.078 

.133 

.111 

7 

90. 

.7621-03 

-.1992-02 

-.2211-02 

.078 

.133 

.111 

8 

0. 

-.1982-02 

.7621-03 

.2211-02 

.197 

.102 

.111 

9 

45. 

.5005-03 

-.1710-02 

.2734-02 

.051 

.114 

.137 

10 

-45. 

-.1708-02 

.5025-03 

-.2730-02 

.170 

.067 

.136 

11 

0. 

-.1957-02 

.7621-03 

.2211-02 

.195 

.102 

.111 

12 

90. 

.7621-03 

-.19^-02 

-.2211-02 

.078 

.130 

.111 

13 

90. 

.7621-03 

-.1946-02 

-.2211-02 

.078 

.130 

.111 

14 

0. 

-.1937-02 

,7621-03 

.2211-02 

.193 

.102 

.111 

15 

-45. 

-.1688-02 

.5233-03 

-.2688-02 

.168 

.070 

.134 

16 

45. 

.5253*03 

-.16^-02 

.2684-02 

.054 

.112 

.134 

17 

0. 

-.1912*02 

.7621-03 

.2211-02 

.190 

.102 

.111 

18 

90. 

.7621*03 

-.1903-02 

-.2211-02 

.078 

.127 

.111 

19 

90. 

.7621-03 

-.1900-02 

-.2211-02 

.078 

.127 

.111 

20 

0. 

-.1891*02 

.7621-03 

.2211-02 

.188 

.102 

.111 

21 

45. 

.5460*03 

-.1665*02 

.2643-02 

.056 

.111 

.132 

22 

“45. 

*.1663-02 

.5481-03 

-.2639-02 

.165 

.073 

.132 

n ' 

*45. 

-.1661-02 

.5502-03 

-.2635-02 

.165 

.073 

.132 

24 

45. 

.5522-03 

-.1659-02 

.2630-02 


.111 

.132 
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mtxm. STRAINS IN DIRECTION OF UHINA PRINCIPAL AXES 


PLY 

ORIEN- 

* t • STRAINS • t t 

STRAIN RATIOS 

NO. 

TATION 

EPSl 

EPS2 

EPS12 




1 

45. 

.5129-03 

-.1698-02 

.2709-02 

.114 

.424 

.135 

2 

-45. 

-.1698-02 

.5129-03 

-.2709-02 

.424 

.114 

.135 

3 

-45. 

-.1698-02 

.5129-03 

-.2709-02 

.424 

.114 

.135 

4 

45. 

.5129-03 

-.1698-02 

.2709-02 

.114 

.424 ■ 

.135 

5 

0. 

-.1947-02 

.7621-03 

.2211-02 

.487 

.169 

.111 

6 

90. 

.7621-03 

-.1947-02 

-.2211-02 

.169 

.487 

.111 

7 

90. 

.7621-03 

-.1947-02 

-.2211-02 

.169 

.487 

.111 

8 

0. 

-.1947-02 

.7621-03 

.2211-02 

.487 

.169 

.111 

9 

45. 

.5129-03 

-.1698-02 

.2709-02 

.114 

.424 

.135 

10 

-45. 

-.1698-02 

.5129-03 

-.2709-02 

.424 

.114 

.135 

11 

0. 

-.1947-02 

.7621-03 

.2211-02 

.487 

.169 

.111 

12 

90. 

.7621-03 

-.1947-02 

-.2211-02 

.169 

.487 

.111 


LOCATION 4 


TOTft. STRAINS IN DIRECTION OF LAMINA PRINCIPAL AXES 


PLY 

ORIEN- 

• • 

* STRAINS ♦ 

• * 

STRAIN RATIOS 

NO. 

TATION 

EPSl 

EPS2 

EPS12 




1 

45. 

-.1065-02 

-.4315-02 

.6771-02 

.106 

.288 

.339 

2 

-45. 

-.4177-02 

-.9820-03 

-.6557-02 

.416 

.065 

.328 

3 

-45. 

-.4040-02 

-.8989-03 

-.6343-02 

.402 

.060 

.317 

4 

45. 

-.8159-03 

-.3902-02 

.6130-02 

.081 

.260 

.306 

5 

0. 

-.4880-02 

.7147-03 

.2949-02 

.486 

.095 

.147 

6 

90. 

.7226-03 

-.4391-02 

-.2826-02 

.074 

.293 

.141 

7 

90. 

.7244-03 

-.4283-02 

-.2799-02 

.074 

.286 

.140 

8 

0. 

-.3794-02 

.7322-03 

.2676-02 

.378 

.098 

.134 

9 

45. 

.1461-04 

-.2524-02 

.3992-02 

.001 

.168 

.200 

10 

-45. 

-.2387-02 

.9766-04 

-.3778-02 

.237 

.013 

.189 

11 

0. 

-.2490-02 

.7533-03 

.2347-02 

.248 

.100 

.117 

12 

90. 

.7612-03 

-.2001-02 

-.2224-02 

.078 

.133 

.111 

13 

90. 

.7630-03 

-.1893-02 

-.2197-02 

.078 

.126 

.110 

14 

0. 

-.1404-02 

.7708-03 

.2074-02 

.140 

.103 

.104 

15 

-45. 

-.1009-02 

.9281-03 

-.1640-02 

.100 

.124 

.082 

16 

45. 

.1011-02 

-.8714-03 

.1426-02 

.103 

.058 

.071 

17 

0. 

-.1001-03 

.7919-03 

.1746-02 

.010 

.106 

.087 

18 

90. 

.7998-03 

.3888-03 

-.1623-02 

.082 

.052 

.081 

19 

90. 

.8016-03 

.4974-03 

-.1595-02 

.082 

.066 

.080 

20 

0. 

.9863-03 

.8094-03 

.1472-02 

.101 

.108 

.074 

21 

45. 

.1842-02 

.5061-03 

-.7113-03 

.188 

.067 

.036 

22 

-45. 

.6438-03 

.1925-02 

.9251-03 

.066 

.257 

.046 

23 

-45. 

.7816-03 

.2008-02 

.1139-02 

.080 

.268 

.057 

24 

45. 

.2091-02 

.9193-03 

-.1353-02 

.213 

.123 

.068 
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* « 4 MODE s 3 miN S'TOffiTM 


GF i«lTY » .2P 


PLY M0. 2 1$ £81Tm # LOCafliN NO. 1 ORIENTATION = -45. 

STRAINS ABE: iPSl « -.007931 PS2 » .003042 » -.0(^49 

ALLQN. SnAII^ A^! EPSl « .009800 EPS2 « , 007500 EPSlf » .020000 

EPS! * -.OlOOiO EPS2 -.013000 


*4 4 |®DE *4 SU^IN ilMITATIOH NAR6IN OF SAfilf * .002 

PLY NO. 12 IS CRITICAL AT LOCATION NO. 2 ORIENTATION » 90. 

STRAINS ARE! EPS! « .002829 EPS2 * -.003993 EPS12 = -.002211 

AaOH. STWIINS mt EPS! « ,004500 EPS2 ? .004500 iPSl2« ,020000 

EPS! = -.004000 EP82 = -.004000 


♦ # * nODE * 5 


TOTAL STRAINS IN DIRECTION OF WHINA PRINCIPAL AXES 


PLY 

ORIEN- 

* ft 

t STRAINS 4 * ft 

STRAIN RATIOS 

NO, 

TATION 

EPSl 

EPS2 

EPS12 




1 

90. 

.5604-03 

-.2571-02 

.3795-09 

.057 

.171 

.000 

2 

45. 

-.1003-02 

-.1003-02 

.3127-02 

.100 

.067 

.156 

3 

-45. 

-.1001-02 

-.1001-02 

-.3123-02 

.100 

.067 

.156 

4 

0. 

-.2548-02 

.5604-03 

.0000 

.254 

.075 

.000 

5 

90. 

.5604-03 

-.2534-02 

.3750-09 

.057 

.169 

.000 

6 

0. 

-.2525-02 

.5604-03 

,0000 

.251 

.075 

.000 

7 

0. 

-.2513-02 

.5604-03 

.0000 

.250 

.075 

.000 

8 

90. 

.5604-03 

-.2505-02 

.3715-09 

.057 

.167 

.000 

9 

0. 

-.2490-02 

.5604-03 

.0000 

.248 

.075 

.000 

10 

-45. 

-.9577-03 

-.9577-03 

-.3036-02 

.095 

.064 

.152 

11 

45. 

-.9556-03 

-.9556-03 

.3032-02 

.095 

.064 

.152 

12 

90. 

.5604-03 

-.2467-02 

.3670-09 

.057 

.164 

.000 


i 4 t MIBe = 5 L. PUNOE STRENOTH NAR6IN OF SAflTY = 2.921 

PLY NO, 4 IS CRITICAL ORIENTATION = 0. 

STRAINS ARE! EPS! = -.002561 EPS2 = .000560 EPS12 = .000000 

ALLOW. STRAINS ARE! EPSl = .009800 EPS2 = .007500 EPS12 = .020000 

EPSl = -.010050 EPS2 = -.015000 
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« t # node « 6 


TOTAL STRAINS IN DIRECTION OF LAlim PRINCIPAL AXES 


PLY 

ORIEIF- 

*** STRAINS • * « 

STRAIN RATIOS 

NO. 

TATION 

EPSl 

EPS2 

EPS12 




1 

90. 

.5604-03 

-.2571-02 

.3795-09 

.057 

.171 

.000 

2 

45. 

-.1003-02 

-.1003-02 

.3127-02 

.100 

.067 

.156 

3 

-45. 

-.1001-02 

-.1001-02 

-.3123-02 

.100 

.067 

.156 

4 

0. 

-.2548-02 

.5604-03 

.0000 

.254 

.075 

.000 

5 

90. 

.5604-03 

-.2534-02 

.3750-09 

.057 

.169 

,000 

6 

0. 

-.2525-02 

.5604-03 

* .0000 

.251 

.075 

.000 

7 

0. 

-.2513-02 

.5604-03 

.0000 

.250 

.075 

.000 

8 

90. 

.5604-03 

-.2505-02 

.3715-09 

.057 

.167 

.000 

9 

0. 

-.2490-02 

.5604-03 

.0000 

.248 

.075 

.000 

10 

-45. 

-.9577-03 

-.9577-03 

-.3036-02 

.095 

.064 

.152 

11 

45. 

-.9556-03 

-.9556-03 

.3032-02 

.095 

.064 

.152 

12 

90. 

.5604-03 

-.2467-02 

.3670-09 

.057 

.164 

.000 


* » » MODE = 6 R. FLANGE STRENGTH MARGIN OF SAFETY = 2.925 


PLY NO. 4 IS CRITICAL ORIENTATION = 0. 

STRAINS ARES EPSl = -.002561 EPS2 = .000560 EPS12 = .000000 


ALLOW. STRAINS ARE: EPSl = .009800 
EPSl = -.010050 


EPS2 = .007500 
EPS2 * -.015000 


EPS12 * .020000 


# ♦ * MODE = 8 STIF. LOCAL BUCKLING FBRGIN OF S^TTY * .381 
ELEMENT LOADS: NXU) = -4543. NX(2) * -4543. NX<5) = -2150. 
CRITICAL WAVE NUMBER = 18 MWX = 25 

* • ♦ MODE =11 TORS./FLEX. BUCKLING MARGIN OF SAFETY = -.000 
STIFFEJCR LOAD = -24426. TORSIim/FLEX. BUCKLING LOAD = -24425. 


* ♦ ♦ MODE =12 EULER BUCKLING M<«GIN OF SAFETY = .349 

0JLER LOAD = -.7283+05 APPLIED LOAD = -.5400+05 
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« » ♦ MEfflE =13 SKIN/8TIF. IJflRFflCE 

POSTBUCKLING EDGE H0«0ff » .947+02 

PRESSURE LOAD EDGE mm = .000 

INTERFACE STRESSES SIGX = -,92«^ 


X » 

.000 

SI6Z 

TAUXZ 

Y * 

.000 

.000 

.000 

Y • 

.037 

.000 

.528+01 

Y » 

.075 

.000 

.208+02 

y « 

.112 

.000 

.519+02 

Y » 

.ISO 

.000 

.973+02 

Y « 

.187 

.000 

.151+03 

Y s 

.225 

.000 

.^)5+03 

Y « 

.262 

.000 

.258*03 

Y = 

.300 

.000 

.314+03 

Y = 

.337 

.000 

,381+<® 

Y = 

.375 

.000 

,470+03 

Y = 

.412 

.000 

.593+03 

Y » 

.450 

.000 

.768+03 

Y s 

.487 

.000 

.103+04 

Y = 

.525 

.000 

.145*04 

Y = 

.562 

.000 

.214+04 

Y = 

.600 

.000 

.331+04 

Y = 

.637 

.000 

.530+04 

Y = 

.675 

.000 

.872+04 

Y = 

.712 

.000 

.146+05 

Y = 

.750 

,000 

.248+05 

X = 

10.000 

SIGZ 

TAUXZ 

Y = 

.000 

.000 

.000 

Y = 

.037 

-.348+04 

-.152-06 

Y = 

.075 

-.524+04 

-.599-06 

Y = 

.112 

-.456+04 

-.150-05 

Y = 

.150 

-.212+04 

-.280-05 

Y = 

.187 

.496+03 

-.434-05 

Y = 

.m 

.181+04 

-.590-05 

Y = 

.262 

.138+04 

-.743-05 

Y = 

.300 

-.179+02 

-.904-05 

Y = 

.337 

-.103+04 

-.110-04 

Y = 

.375 

-.868+03 

-.135-04 

Y = 

.412 

. 128+03 

-.171-04 

Y = 

.450 

.827+03 

-.221-04 

Y s 

.487 

.502+03 

-.297-04 

Y = 

,525 

-.352+03 

-.417-04 

Y s 

.562 

-.574+03 

-.616-04 

Y = 

.600 

.344+02 

-.954-04 

Y ^ 

.637 

.193+03 

-.153-03 

Y « 

, .675 

-.513+03 

-.251-03 

Y = 

.712 

.266+03 

-.421-03 

Y « 

.750 

.308+04 

-.714-03 


W«CIN OF StfETY = -.637 

EDGE sum = .191+03 

EDGE SHEm = . 000 

SIGY = .107+^ TAUXY = .208+03 

TAUYZ 

.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 

TAUYZ 

-.298+03 
-.199+02 
.674+03 
.145+04 
.195+04 
.203+04 
.180+04 
.153+04 
.146+04 
.163+04 
.185+04 
.186*04 
.160+04 
.124+04 
.»04 
.989+03 
.689+03 
-.613+02 
-.813+03 
-.132+04 
-.239+04 


IWIRFACC STRESSES MAX AT X « .000 Y = .750 
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♦ ♦ ♦ PASS 2: SOU ECCENTRICITY » -.0200 » » # 


SKIN/STIFFOER BENDING NOTENTS 

FRESSUREs Xff = .0000 BOM ECCEN.! XfC * -.4177+04 

LOAD ECCEN.: XffI = .0000 TOTAL: XHOH = -.4177+04 


POSTBUCKLED SKIN PAIWCTERS 


XNST#«= 5370.65 


EPSTAR= 

.002146 




ALPm D 

N 

F/EPSTAR 

XNX 

EPSl/ 

EPS2/ 

EPS12/ 





EPSTAR 

EPST» 

EPSTAR 

1.00 .810 

.128 

.747 

-1.246 

-1.549 

.112 

1.108 


NCRWLIZED TANGENT STIFFNESS HATRIX 


All 

A12 

A22 

A66 

4993 

-.1192 

.2232 

.1512 


BUCKLED SKIN/STIFFENER PROPERTIES 

EAS = .1523+08 EIS * .5105+07 ZBR - .248 

EAT = .9641+07 EIT * .4560+07 EULER - -72832. 


*t#MODE = 5 


TOTM. STRAINS IN DIRECTION OF LANINA PRINCIPE. AXES 


PLY 

ORIEN- 

* * * STRAINS # » ♦ 

STRAIN RATIOS 

NO. 

TATION 

EPSl 

EPS2 

EPS12 




1 

90. 

.1067-02 

-.4747-02 

.7047-09 

.109 

.316 

.000 

2 

45. 

-.1842-02 

-.1842-02 

.5818-02 

.183 

.123 

.291 

3 

-45. 

-.1844-02 

-.1844-02 

-.5822-02 

.183 

.123 

.291 

4 

0. 

-.4769-02 

,1067-02 

.0000 

.475 

.142 

.000 

5 

90. 

.1067-02 

-.4784-02 

.7091-09 

.109 

.319 

.000 

6 

0. 

-.4792-02 

.1067-02 

.0000 

.477 

.142 

.000 

7 

0. 

-.4804-02 

.1067-02 

.0000 

.478 

.142 

.000 

8 

90. 

.1067-02 

-.4812-02 

.7126-09 

.109 

.321 

.000 

9 

0. 

-.4827-02 

.1067-02 

.0000 

.480 

.142 

.000 

10 

-45. 

-.1887-02 

-.1887-02 

-.5908-02 

.188 

.126 

.295 

11 

45. 

-.1889-02 

-.1889-02 

.5912-02 

.188 

.126 

.296 

12 

90. 

.1067-02 

-.4849-02 

.7170-09 

.109 

.323 

.000 
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WiBlN # IBFETY - 1.0» 


* » • mm ‘ ^ L. 

1 


pur «. fts iRlim ARiEKwriiN* o. 

STRAINS mt IPSI « -.WI8S9 IPS2 * Mm Wm * .^>00000 

AlLlB. iiSiSS AREJ Em * .009800 1PS2 « .007500 0>S12 = .^SOOOO 

EPSl » -.010050 WS2 ^ -.015000 


t ttflODE* 4 


T0T<1 STRAINS IM ilRECTMN IF LAMINA fRISClPAL AXES 


PLY 

ORIEN- 

* * f STRAINS t » » 

STRAIN TNTM0S 

MO. 

TATION 

EPSl 

EPS2 

EPS12 




1 

90. 

.1067-^2 

-.4747-02 

.7047-09 

.109 

.316 

.01© 

2 

45. 

-.1842-02 

-.1842-02 

.5818-42 

.183 

.123 

.m 

3 

-45. 

-.1844-02 

-.1844-02 

-.5822-02 

.183 

?.1B 

.'Bl 

4 

0. 

-.4769-02 

.1067-02 

.0000 

.475 

.142 

.000 

5 

90. 

.1067^2 

-.4784-02 

.7091-09 

.109 

.319 

.000 

6 

0. 

-.4792-02 

.t067-^2 

.0000 

.477 

.142 

.000 

7 

0. 

-.4804-02 

.1067-^ 

.0000 

.478 

.142 

.000 

8 

90. 

.1067-02 

-.4812-02 

.7126-09 ' 

.109 

.321 

.000 

9 

0. 

-.4827-02 

.1067-02 

.0000 

.480 

.142 

.000 

10 

-45. 

-.1887-102 

-.1887-02 

-.5908-02 

.188 

.126 

.295 

11 

45. 

-.1889-02 

-.1889-02 

.5912-02 

.188 

.126 

.296 

12 

90. 

.1067-02 

-.4849-02 

.7170-09 

.109 

.323 

.000 


« % i M0DE «4 R. py«(5E STl®»IM MARGIN IF SA^Y » 1.077 

PLY MO. 9 IS CRITICAL IRIElTFAniN * 0. 

STRAINS ARE! Em = -.001839 m2 * .001067 EPS12 = .000000 

ALLOH. STRAINS ARE! Em = . 0 O 98 OO TO* .007m EPS12 * .020000 

EPS! -.OlOOS) EPS2 s -.OI50® 


^ MF. Ll©i.i«11«5 ISiGIN iF ^f^ .085 

M©fl LOADS! «!)* -^8^. NX(2) = -8653. TKfSl * ^735. 

mmCAL MAYE NIMBER = 18 NMAX = 25 
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« * * HODE =10 ROLLING BUCKLING 


MRGIN OF SAFETY « .286 


BUCKLING FACTOR IN ROLLING NODE = 1.286 

t t f NODE =11 TORS./FLEX. BUCKLING MARGIN OF SAFETY ^ 

STIFFENER LOAD = -26159. TORSIONAL/FLEX. BUCKLING LOAD = 

» » < NODE =12 BJLBl BUCKLING MARGIN OF SAFETY 

EULER LOAD = -.7283+05 APPLIED LOAD = -.5400+05 


♦ « ♦ LOAD CASE NUMBER 2 * « + 


- .112 
-29095. 

» .349 


SIM1U« OUTPUT NOT SHOWN 



^ « .01370 


« :t t m!N # MIY « i 4 

lOAOiiitiiE^N^^ 


noBi 

UStilFTlil 

Y • 


1 

^iAR STIEFUSS 


*3S7 

2 

LONSlt. STIFFitSS 

iiOiS 

1*018 

3 

SKIN STRIN8TN 

.247 

2*143 

4 

strain LIHITATION 

i 

,327 

5 

L. FLANdE STRENGTH 

h077 

1.807 

4 

R. FU^ STRlillTH 

1*077 

1*807 

7 

NEB STRENGTH 

99»000 

79.000 

8 

STiF. um. imiNO 

m 

1*059 

9 

SKIN L<m BUCKLING 

9Y*O0O 

*088 

10 

ROLLING IUCKLINO 

*:2S4 

i*§^ 

It 

torsjflEx* suckling 

-.J0OO 

2,^147 

12 

EULER BUCKLING 

..3# 

l*2l3 

13 

SKiN/STlFi lN!if«^ 

■S437 

99*000 

14 

SKIN LAYUP (LONGIT. ) 

2*077 

2*077 

15 

SKIN LAYUP (INTERH*) 

*024 

»026 

14 

SKIN LAYUP (TRANBV. ) 

*.§38 

*538 


MINIfBH HARGIM OF SAFETY = -.437 

CRttm HOSE a 13 
lOADINGCASE = 1 


INTERFACE STRIDES HAX AT X * *000 Y * *TSO 


PR06RAH CALLS TO ANALiZ 

tCAlC CALLS 

i i 

i 1 

1 1 


m 
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